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The Board of Management of the Geological and Natural 
History Survey take pleasure in presenting the second of its 
proposed publications, a list of which may be found on the 
fourth cover page. 

The history and aims of the survey are outlined in the 
first bulletin, The Lichen Flora, prepared by Mr. W. W. 
Calkins, and published through the generosity of Mr. Albert 
Dickinson. It is only necessary, therefore, to repeat here the 
extent of the territory covered by the survey. This area 
comprises Cook and Du Page Counties, and the nine north 
townships of Will County, in Illinois, and a portion of Lake 
County, Indiana, giving a surface of about forty-eight or fifty 
miles square, or a land surface of nearly 1800 square miles. 

The present bulletin on the Pleistocene Features and 
Deposits of the Chicago Area, has been prepared by Mr. 
Frank Leverett, of the U. S. Geological Survey. The Board 
desires to express its appreciation of the time and labor 
that must have been taken from the stress of other duties in 
the preparation of this very creditable work as well as of 
the assistance given to Mr. Leverett by individuals and 
institutions, recognition of which has been made in the 
body of the text. 

The Board wishes further to make acknowledgement of 
the courtesy extended by the Sanitary District of Chicago, 
which, through the kindness of Mr. T. T. Johnston, Assistant 
Engineer, prepared the maps and profiles from Mr. Leverett's 
manuscript copy. 

All into whose hands this bulletin may come, will join 
with the members of the Board in appreciation of the gener- 
osity of Mr. George Laflin, whose prompt response to the 
request for funds to publish the bulletin is but another 
instance of the liberality which has marked his attitude 
towards the Chicago Academy of Sciences. 
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Pleistocene Features and Deposits of tlie Cliicago Area. 

By FRANK LEVERETT. 



INTRODUCTORY STATEMENT. 

The Chicago area here discussed embraces not only the site of 
the city, but adjacent territory west and south, nearly to the Fox 
and Kankakee Rivers, and north nearly to the line of Illinois and 
Wisconsin. It is made to include the first great moraine which 
sweeps around the head of Lake Michigan, as well as several weak 
morainic lines lying nearer the lake. It includes also the ancient 
beaches of Northeastern Illinois and a portion of the outlet of the 
body of water which formed them. It is a country exceptionally 
full of varied and interesting features. 

Some of the features, especially those pertaining to the old 
lake and its outlet, are discussed by Dr. Edmund Andrews, in an 
early volume of the Transactions of the Chicago Academy (1). The 
same features and some of the leading features of the glacial 
deposits were briefly discussed by Dr. H. M. Bannister, in his 
official reports to the State Geologist (2). A description of the 
principal moraine traversing this district, based upon studies by 
Prof. T. C. Chamberlin and Prof. L. C. Wooster, is given by Pro- 
fessor Chamberlin in an early report of the United States Geolog- 
ical Survey (3) 

The paper which follows aims to discuss these features in the 
light of a somewhat detailed study of Pleistocene deposits, which I 
have had the privilege of making in this and adjacent districts. 
Carried on as this study has been, under the direction of Prof. T. 

(1) The North American Lakes considered as Chronometers of Post glacial 
Time. By Dr. Edmund Andrews, Transactions of The Chicago Academy of 
Sciences. Vol. II. 1870, pp. 1-23. 

(2) Geology of Cook ffounty. By H. M. Bannister. Vol. III. 1868, pp. 239-244. 
Geology of DeKalb, Kane and DuPage Counties. By H. M. Bannister. Vol. IV, 

1870, pp. 111-113. 

Geology of McHenry and Lake Counties. Bv Dr. H. M. Bannister. Ibid, pp. 
126-131. 

(3) Preliminary Paper on the Terminal Moraine of the Second Glacial Epoch. By Thos, C. 
Chamberlin, Third Annual Report, U. S. Geol. Survey, 1881-82, pp. 322-325. 
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C. Chamberlin, I have had the benefit of counsel and guidance, 
which has been of great service and which it is a pleasure to ac- 
knowledge. 

The studies in Illinois, upon which the present paper is based, 
were entered upon in 1886, near the beginning of my study of 
Pleistocene deposits, and the greater part of the work in the Chi- 
cago Area was done in that and the following season. The study in 
Northern Illinois was carried into greater detail than in most of the 
territory subsequently covered, chiefly because of the complexity 
of the features. Nearly every township was traversed at intervals 
so close as to give opportunity to see practically all of the surface, 
to examine the best natural exposures, as well as railway cuttings 
and other artificial exposures, and to collect records Of nearly all 
the important borings. Portions of the district here discussed have 
been recently re-examined. This has in a measure made good the 
loss consequent upon the lapse of time, and has brought the 
interpretation into harmony with the present state of knowledge of 
Pleistocene events or stages. 
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OUTLINE OF TIME RELATIONS OR GLACIAL SUC- 
CESSION. 

The complexity of the glacial events is such that it will be 
advantageous to outline as clearly as possible at the outset the 
recognized glacial succession and thus learn the position of the 
drift of the Chicago Area in the series of drift sheets displayed in 
the Mississippi Basin and adjacent territory. The outline given 
below aims to present simply the recognized subdivisions. These 
may prove to differ widely in rank or importance. The main divi- 
sions here outlined seem to be much longer than the secondary 
divisions and they may be of very unequal length. They appear to 
have the rank of an epoch, or main division of a period, except the 
divisions of Lake history, which, perhaps, should be substages. 
The outline aims to cover the events between the deposition of the 
oldest recognized drift sheet and the final recession of the ice 
sheet into the region north Of the Great Lakes. That region may 
furnish several additional substages and possibly one or more 
stages. The outline differs from that published by Prof. T. C. 
Chamberlin, in a recent number of the Journal of Geology (1), 
only in being a fuller presentation of substages in the Wisconsin 
drift series, and in including the lake history Of this region. 

OUTLINE OF THE DRIFT SHEETS AND INTERVALS. 

1. Oldest recognized drift sheet — the Albertan of Dawson. 

2. First, or Aftonian, interval of recession or deglaciation. 

3. Kansan drift sheet of the Iowa geologists. 

4. Second interval of recession or deglaciation. 

5. lUinoian drift sheet. 

6. Third, or preloessial, interval of recession or deglaciation. 

7. lowan drift sheet and main loess deposit. 

8. Fourth, or postloessial, interval of recession or deglacia- 
tion. 

9. Early Wisconsin drift sheets. 

Substage 1. Shelbyville morainic system. 
Substage 2. Champaign morainic system. 
Substage 3. Bloomington morainic system. 
Substage 4. Marseilles morainic system. 

10. Fifth interval of recession, shown by shifting of ice lobes. 

(I) Journal of Geology, Chicago University. Vol. IV, No. 7 October-November, 896, pp. 
872-876. 
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11. Late Wisconsin drift sheets. 

Substage 1. Great bowlder belts and 

accompanying moraines. 
Substage 2. Valparaiso morainic system. 
Substage 3. Lake-border morainic system. 

12. Lake Chicago submergence. 

13. Emergence of plain, covered by Lake Chicago. 

14. Partial resubmergence of plain, covered by Lake Chicago. 

15. The present stage of Lake Michigan. 

It appears from the above outline that the late Wisconsin 
series covers the entire Chicago Area. A brief discussion of the 
several drift sheets which preceded the Late Wisconsin will be of 
advantage, however, both for comparison and for the interpreta- 
tion of the deposits of earlier drift found beneath the late Wiscon- 
sin within the Chicago Area. 

Explanation of Map of North America. — The position of the 
four main centers of glaciation is indicated, viz.: The 
Cordilleran, confined chiefly to the region west of the Rocky 
Mountains; the Keewatin, extending over the area between the 
Rocky Mountains and Hudson Bay and reaching Central Missouri 
at its farthest point south; the Labrador, extending over the 
peninsula of Labrador, and the Great Lakes, with its extreme 
southwest terminus in Southern Illinois, and the eastern borders 
of Missouri and Iowa. (The eastern New England, New 
Brunswick, Nova Scotia and Newfoundland glaciation may be 
from small independent centers, but this can scarcely be 
considered as demonstrated.) The fourth center of glaciation is 
the Greenland, which is still largely ice covered. The Driftless 
Area of Southwestern Wisconsin and border districts stands 
between the fields covered by the Keewatin and Labrador ice 
sheets. South from this driftless area is a narrow belt covered 
first by the Keewatin and later by the Labrador ice sheet, as 
indicated in the text. 

The principal glacial lakes are perhaps sufficiently outlined 
to be deciphered. Lake Agassiz is shown clearly. Lake Iroquois 
occupies the Ontario basin and border districts. The Warren and 
Algonquin Lakes are more difficult to decipher. Lake Warren is 
now restricted by several geologists to a body of water that dis- 
charged across Southern Michigan from the Erie-Huron basin. 
At that time Lake Chicago was occupying the south end of the 
Lake Michigan basin. A small predecessor of Lake Warren, 
called Lake Maumee, had southwestward outlet to the Wabash. 
A lake discharging southwestward from the Lake Superior basin 
was probably a contemporary of Lake Warren. At the Lake 
Warren stage the ice sheet was apparently covering the region 
about the straits of Mackinac, much of Georgian Bay, and the 
eastern end of Lake Ontario. Lake Iroquois, in the Ontario basin, 
is of later date than Lake Warren, and is thought to have been 
held in on the northeast by the ice sheet, as shown by studies of 
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Gilbert not yet published in full. Lake Algonquin represents a 
stage where an eastward outlet, from Georgian Bay by Trent 
River, to Lake Iroquois, was open, the outlet to the St. Clair 
being for a time above lake level. At that time the emergence of 
the south end of the Lake Michigan basin, discussed in the text, 
may have occurred. For the use of this map plate we are indedted 
to the Inland Educator Company of Terre Haute, Indiana. 

ALBERTAN, OR OLDEST RECOGNIZED DRIFT SHEET. 

Dr. George M. Dawson has recently called attention to a very 
aged drift sheet found by him in the province of Alberta, east of 
the Rocky Mountains, in Southern Canada (1). Its relation to drift 
sheets in the United States is not definitely worked out. It is 
overlain by a sheet that is probably either the sub-Aftonian (for- 
merly Kansan) of Professor Chamberlin, or the somewhat later 
sheet to which the Iowa geologists have applied the name Kansan. 
Should the lower sheet prove to be the one that overlies the 
Albertan drift it will be necessary to place that drift in a still 
earlier stage than the sub-Aftonian of Professor Chamberlin, for it 
is described to be of markedly greater age than the drift sheet 
which overlies it. 

AFTONIAN INTERVAL OF RECESSION. 

The interval of recession or deglaciation, following the depo- 
sition of the lower till sheet of Southern Iowa, and named by Pro- 
fessor Chamberlin the Aftonian, from the type locality near Afton, 
Iowa, is characterized by soil and weathering of such a marked 
character that it no doubt will be recognized widely as the detailed 
study progresses. In the present stage of investigation it scarcely 
can be separated from soils of other horizons, except in the district 
which lies outside the Illinoian and the lowan drift sheets. This 
district has not as yet received much study, hence the extent to 
which the soil remains intact is not known. 

In Southeastern Iowa and Western Illinois several instances of 

the occurrence of a black soil between beds of till, and thought to 
be the Aftonian, have come to my notice. There is an element of 
uncertainty from the fact that it is near the border of the drift sheet, 
where minor oscillations of the ice margin are liable to have 
occurred, which may have caused the burial of soils whose extent 
is limited. It is not yet made certain that they mark a prolonged 
interval, such as Professor Chamberlin finds to be exhibited in the 
type locality near Afton. 

(1) Bulletin Geological Society of America. Vol. 7, pp. 31-66. Issued Nov. 1895 
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KANSAN DRIFT SHEET OF THE IOWA GEOLOGISTS. 

This is a sheet which has much importance in the drift series, 
for it constitutes a large part of the drift of Southern Iowa and 
Missouri and probably remains in extensive sheets beneath the 
later drift in districts to the north. It apparently extends into 
Western Illinois a short distance, beneath the Illinoian drift sheet. 
It is a sheet that has as yet received but little attention, the chief 
study given it being in Southeastern and Southern Iowa. 

SECOND INTERVAL OF RECESSION OR DEGL ACI ATION. 

This interval is known not by a recession and readvance of 
the same ice sheet, nor a sheet with the same gathering ground, 
but by the recession of one ice sheet and the advance of another 
ice sheet into the region thus abandoned. It has been studied 
only in Southeastern Iowa, where the Illinois lobe has 
encroached upon the territory which had been occupied by a 
more western lobe. 

Evidences of the lapse of a long period between the with- 
drawal of one ice sheet and the invasion of the other are clear and 
decisive. The drift of the earlier sheet is a very calcareous till, yet 
its surface had been leached to a depth of several feet before the 
Illinois lobe encroached upon it. 

Accompanying the leaching was the formation of a black or 
humus stained soil, numerous exposures of which are to be seen 
in Southeastern Iowa under the drift of the Illinois lobe. 

There was also much erosion of the surface by stream action. 
Prior to the discovery of the extension of the Illinois lobe into 
Southeastern Iowa it had been noted by Professor Chamberlin, as 
well as by the writer, that Southern Iowa presents a more eroded 
appearance than Illinois and the southeastern counties of Iowa. 
In the former district remnants of the original drift plain are 
confined to narrow strips between water courses, while in the 
latter district such remnants are far more extensive, comprising 
much more than half the surface. It is planned to make a careful 
measurement of the relative amounts of erosion in the two 
districts, for erosion studies made with proper analytical method 
promise to furnish the most satisfactory means available for 
measuring such time intervals. 

ILLINOIAN DRIFT SHEET. 

Under this name is included the sheet of drift which covers 
Western Illinois and extends a few miles into Southeastern Iowa. 
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It remains to be determined wiiether it should be made to include 
all the drift of Southern Illinois and the oldest sheet of drift in dis- 
tricts to the east from Illinois. Further study is also necessary to 
determine whether the drift on the border of the Driftless Area in 
Northwestern Illinois and Southern Wisconsin is so recent as the 
Illinoian sheet. There may be found in the region referred to a 
sheet or sheets of drift corresponding in age with one or both of 
the sheets in Iowa that are earlier than the Illinoian drift sheet. 
The drift of these regions is thus only provisionally referred to the 
Illinoian stage. 

The Illinoian sheet has in Southeastern Iowa and Western 
Illinois a variable thickness, ranging from ten feet or less up to 
fully 100 feet, with an average of perhaps forty feet. It is scarcely 
so thick as the older sheet of Iowa and Northern Missouri, whose 
edge it overlaps in Southeastern Iowa. In Southern Illinois, also, 
the drift is not so thick as in the old sheets of Iowa and Missouri, 
being even thinner than in Western Illinois. The same is true of 
the old drift sheets Of Southern Indiana and Southern Ohio. In all 
these districts the older drift is not so thick as the newer. The 
Illinoian drift sheet has mainly a plane surface, but near its mar- 
gin there is a tendency to morainic ridging. The ridging is a sub- 
dued form, the ridges being one-half to one mile or more in width, 
with a relief of but twenty-five to fifty feet. The extent of the Illi- 
noian sheet and the distribution of its ridges are shown on the 
accompanying map (plate 2). 

Explanation of Map of Illinois. — In this map the extent of the 
Illinoian drift sheet is represented. Its extension into Missouri, 
near St. Louis, is conjectural, but the extension into Iowa is well 
established. The several moraines formed in the early and late 
Wisconsin stages are indicated by shading with dots. The extent 
of Lake Chicago in Northeastern Illinois and Northwestern In- 
diana is also represented. These features have been added to the 
map as published by U. S. Geological Survey. The 50 foot 
contours appear except in the hilly parts of Illinois and in 
western Indiana where only 100 foot contours are shown. 

THIRD OR PRELOESSIAL INTERVAL OF RECESSION OR DEGLACIATION. 

There is between the Illinoian drift sheet and the overlying 
mantle of loess and associated silts a well-defined soil horizon. 
There is also leaching of the till to depths seldom less than four feet 
and often much more. It is, therefore, an interval of considerable 
importance. Its length, however, appears to be somewhat less than 
that of either of the two earlier intervals. 
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Prof. Worthen early recognized this soil horizon at the base 
of the loess and made numerous references to it in the Geology of 
Illinois. Being situated near the surface, it is much more 
frequently exposed to view than the soils at lower horizons. Prob- 
ably, also, it has been subjected to less disturbance and removal 
than soils which were overridden by the ice sheet. 

lOWAN DRIFT SHEET AND MAIN LOESS DEPOSIT. 

This sheet of drift was brought to notice by Mr. W J McGee 
in his early papers on the drift of Northeastern Iowa, where it is 
commonly referred to as the "upper till." It was found by Mr. 
McGee to be of the same age as a deposit of loess which covers 
Southeastern Iowa, but which was excluded from much of North- 
eastern Iowa by the ice sheet (1). 

This drift sheet Mr. McGee found to be markedly different in 
its stony ingredients from the sheet that underlies it. It is sep- 
arated from that sheet by a prolonged interval. This interval, it 
now appears, comprises not only the third or preloessial interval 
of Western Illinois, but the time covered by the Illinoian stage of 
glaciation and the deglaciation interval which preceded it. Com- 
prising thus the time of two stages of deglaciation and one of 
glaciation, the interval shown in Northeastern Iowa is 
necessarily very marked. 

The lowan sheet is thought to be represented in Northern 
Illinois by a sheet of drift found mainly east of Rock River, 
though extending in places west of that stream. This sheet is con- 
cealed within a few miles east of Rock River by a later drift 
sheet (the early Wisconsin). 

Both in Iowa and Illinois the sheet referred to the lowan 
stage is perceptibly fresher than the sheet of the Illinoian stage 
of glaciation. The depth of leaching is, on an average, one to two 
feet less than on the Illinoian drift sheet. The erosion of streams 
is also less, apparently not more than half as great as in the Illi- 
noian drift sheet. 

FOURTH OR POST-LOESSIAL INTERVAL OF RECESSION OR DEGLACIATION. 

This interval is shown to be one of considerable length by 
the amount of valley excavation which occurred between the de- 
position of the loess and the succeeding stage of glaciation. At 
the close of the loess deposition the main valleys, such as the 
Missouri, Mississippi, and Illinois, were filled throughout most 

[1] See Eleventh annual report U. S. Geological Survey for a full discussion of 
this drift sheet. 
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of their lower courses to heights of 75 to 100 feet, or more, above 
the present streams. But before deposits from the waters, contrib- 
uted by the succeeding glaciation, were poured into these valleys, 
they had been cut down about to the present level of the streams 
and in some cases, perhaps, to an even lower level. 

The cutting down of the valleys indicates a marked change 
in altitude or at least in attitude of the land surface, and this 
change cannot have been accomplished in a very brief period. 

EARLY WISCONSIN DRIFT SHEETS. 

Under this term are included several important morainic sys- 
tems, which are well displayed in the State of Illinois. The names 
applied to these morainic systems are in every case taken from 
Illinois localities. Shelbyville is derived from the county seat of 
Shelby County, which is situated on the outer belt of moraines. 
Champaign is from the city of that name in Eastern Illinois, which 
is situated on one of the principal members of the morainic sys- 
tem to which the name is applied. Bloomington is situated upon 
the principal member of a still later system of moraines, well dis- 
played in Central Illinois. Marseilles is situated at a point where 
the moraine to which this name is applied crosses the Illinois 
River. 

It is thought that the several morainic systems just men- 
tioned were formed in comparatively rapid succession in the order 
named. At least no decisive evidence of a prolonged interval 
separating the formation of successive morainic systems has been 
discovered. It is probable that some oscillation of the ice front 
occurred, so that the moraines do not mark simply halts in the 
recession of the ice. They may mark the limits of successive 
advances following retreats of minor importance. 

Shelbyville Morainic System. — The Shelbyville morainic 
system marks the southern limits of a sheet of thick drift, the 
thickest, perhaps, formed in Illinois at any stage of the glacial 
period. The distribution of the moraine may be seen by reference 
to the accompanying map (Plate 2). Whether the outer ridge 
throughout the entire extent from the Wabash River, near Terre 
Haute, Ind., around to the Wisconsin line, near Harvard, 111., was 
occupied at any one time by the ice sheet, or whether there were 
oscillations by which some parts were formed earlier than others, 
is not yet definitely settled. Possibly the outer ridge in the vicinity 
of the Illinois River should be classed with the lowan rather than 
the Early Wisconsin drift. This system has not much relief 
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above the district lying On its inner or iceward border, since that 
district was filled with drift nearly to the level of its crest. But on 
the outer, or landward, border there is usually a relief of 75 to 100 
feet or more. Viewed from the outer border, the moraine in places 
presents the appearance of a bluff or escarpment, though the rise 
of 75 to 100 feet usually occupies a mile or more. 

By reference to the map, it will be seen that there is a feeble 
morainic belt lying a few miles back from the border of this drift 
sheet. This is included with the Shelbyville system. It seems to 
mark a brief halt of the ice sheet soon after it began its retreat. 

The main moraine, though very bulky, has but little surface 
expression, much of it being nearly as smooth as the plains to the 
north. It consists mainly of a single ridge, but in Edgar and Coles 
Counties it has in places a double ridge. The feeble belt just 
referred to presents in places a sharper morainic expression than 
the main moraine, there being clusters of sharp knolls rising 
abuptly thirty to fifty feet, or more, above border tracts. The 
greater part of this belt, however, has a gently undulating surface, 
like that of the main moraine. 

This sheet of drift, terminated by the Shelbyville moraine, is 
composed in the main of a soft, fresh-looking, blue till, markedly 
in contrast with the partially cemented brown and gray tills which 
underlie it, and extend southward into the outlying districts. It has 
long been recognized by well-drillers as a sheet very distinct from 
the underlying tills. From the Shelbyville moraine a sheet of soft 
blue till, similar to that in the moraine, is found beneath plains, as 
well as moraines northward over much of Northeastern Illinois. 
There appears to be but little difference in the structure of drift in 
the morainic ridges from that in plane-surfaced tracts. 

Champaign Morainic System. — The Champaign morainic 
system, though far less bulky, is fully as complex as the 
Shelbyville system. It consists of several more or less distinct 
members separated by plains, the latter ranging in width from a 
mile or less up to three and even five miles. It is exposed to view 
only in Eastern Illinois, being combined with or overridden by the 
Bloomington system from the vicinity of Bloomington westward. It 
is poorly developed in Indiana, though small ridges are traceable 
across Vermillion, Parke and Fountain Counties to Montgomery 
County, Indiana, where they are overridden by a morainic system 
of the Late Wisconsin stage. The complexity of the system and the 
distribution of its several members may be seen by reference to the 
accompanying map (Plate 2). 
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Where best developed the members of this morainic system 
have a relief of fifty to seventy-five feet above plains on the outer 
border, but, like the Shelbyville system, the relief is less pro- 
nounced on the inner border. In Indiana the belts have less relief, 
seldom more than thirty or forty feet. Where best developed, the 
members of this morainic system are one to two miles in width. The 
surface is usually strongly undulating, a feature which distinguishes 
the moraines from the bordering nearly level plains. The surface 
expression is on the whole stronger than in the Shelbyville moraine. 

In structure this morainic system does not differ markedly from 
the Shelbyville system. The ridges are composed mainly of a soft 
till. The soft till extends to a level somewhat lower than the base of 
the ridges, a feature which is thought to indicate that the Shelbyville 
drift is here present in considerable thickness. Beneath the soft till of 
the Shelbyville drift a black soil is found, which forms the surface of 
a drift older than the Shelbyville, presumably the Illinoian drift 
sheet. 

Bloomington Morainic System. — This is a more prominent 
morainic system than the Champaign. It is traceable from Western 
Indiana westward across Central Illinois in a somewhat indirect 
course (with a re-entrant angle near Gibson City) nearly to the 
Illinois Valley. Whether this system crosses the Illinois just above 
Peoria and becomes combined with an earlier system, or has its 
continuation in certain local developments of morainic topography 
along the east side of the Illinois, northward to the bend near 
Hennepin, is not fully determined. It is thought that the moraine 
leading from the bend of the river northeastward and passing near 
Mendota and DeKalb belongs to this system. At the east this system 
is overridden by a later moraine in Benton and Warren Counties, 
Indiana. 

The portion east from the Illinois River has, in places, three, 
and elsewhere two well-defined members separated from each other 
by narrow plains. The outer member of the system has generally a 
relief of 75 to 100 feet above plain tracts south of it, thus 
approaching in strength the Shelbyville system. 

In structure the drift of this morainic system closely resembles 
that of the two systems outside of it, being chiefly a soft blue till. It 
rests upon a soft till, which is thought to be the northward extension 
of the Shelbyville sheet. This in turn is underlain by a hard till, 
probably of the Illinoian stage. 

The topography is of a swell and sag type, rather more pro- 
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nounced than in either of the earlier systems of the Early 
Wisconsin stage. The undulations not infrequently extend back 
for several miles on the inner border of the morainic system and 
fade away gradually into characteristic till plain topography. 

Marseilles Morainic System. — The Marseilles morainic sys- 
tem consists of a bulky ridge, usually with a single crest, but in 
places double, which encircles the basin at the head of the 
Illinois River, known as the Morris basin. From the north border 
of the basin it extends northward along the east side of Fox River 
to the vicinity of Elgin, beyond which it has not been separated 
from the moraines of the Late Wisconsin stage. At its southeast- 
ern end, also, this moraine is concealed by a moraine of the Late 
Wisconsin stage. 

Aside from the main belt, called the Marseilles, there is a 
small moraine, the Minooka, which separates from the Marseilles 
moraine near Oswego, 111., and passes southward into the basin 
at the head of the Illinois. It has not been recognized south of 
that stream. This moraine probably followed closely the Mar- 
seilles moraine in its deposition, and is accordingly included in 
the Marseilles system. 

The Marseilles moraine stands 50 to 100 feet above the plain 
on its outer border and even higher above the basin on its inner 
border. Its inner border relief is much more marked than that of 
any of the morainic systems yet discussed. This is due largely to 
the thinness of the drift deposits on the inner border, there being 
a much smaller amount of drift there than on the inner border of 
the other morainic systems. 

The surface expression of this moraine is very similar to that 
of the Bloomington system, the topography being of a sharply 
undulating swell and sag type. The Minooka moraine is much 
smoother surfaced than the Marseilles and has a relief scarcely 
half as great. 

The structure of the drift, both in the Marseilles and the 
Minooka moraine, is similar to that in the other morainic systems, 
being chiefly a soft blue till. 

FIFTH INTERVAL SHOWN BY SHIFTING OF ICE LOBES. 

The evidence for this interval is based largely on the change 
of front or shifting in the position of the ice lobe which invaded 
Northeastern Illinois and districts to the north and east. It is 
best shown in Western Indiana, where the moraines of the later 
stage cross those of the earlier one at a high angle. It is thought 
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that this change of front could not have taken place in a brief time. 

In connection with this change of front there appears a re- 
markable increase in the number of surface bowlders, a feature 
which may prove to have great significance. The causes for vari- 
ations in the number of surface bowlders are so little understood 
as yet that we scarcely are warranted even in conjecturing the im- 
port of such bowlder belts. They may signify a great recession of 
the ice sheet, followed by a fresh advance across the Canadian 
highlands, by which a new supply of bowlders was gathered up 
and brought down to the extreme limit reached by that advance. 
Such bowlders in some cases, as recently suggested by Mr. F. B. 
Taylor (1) may be derived from accumulations in interglacial val- 
leys. This suggestion, however, can scarcely apply to bowlder 
belts of such length as are displayed in Western Indiana and East- 
ern Illinois. 

LATE WISCONSIN DRIFT SHEETS. 

The moraines of the Late Wisconsin series contain generally 
a larger amount of assorted material with the till than is found in 
the moraines and accompanying till sheets of the Early Wisconsin 
series. The topography also is more closely allied to the knob and 
basin type than to the gently undulating broad ridged type of the 
Early Wisconsin series. 

Some attention has been given the subject of comparative 

amounts of surface leaching and erosion on the Marseilles mo- 
raine and the moraines of the Late Wisconsin series, but no strik- 
ing contrast has been observed. A more refined investigation, 

however, may bring to light essential differences. 

Great Bowlder Belts and Accompanying Moraines. — The 
bowlder belts of Northeastern Illinois and Western Indiana have 
attracted attention from the earliest days of exploration, as have 
also their continuation in Central and Eastern Indiana and West- 
ern Ohio. In the early explorations they were observed only as 
detached belts, but their connections are now well established. 
Occurring, as the bowlders usually do, in narrow, well-defined 
belts, they are readily traced from section to section, even where 
unaccompanied by peculiar topographic features. Throughout 
much of their course in Ohio and Indiana these bowlder belts are 
simply an accompaniment of well-defined belts of morainic drift. 
But in Western Indiana and Northeastern Illinois the bowlder 

[1] In a paper presented at the Washington meeting of the Geological Society of America, 
December, 1896. 
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belts often cross smooth plains having only occasional developments of 
morainic topography. 

The moraines which these bowlder belts accompany are usu- 
ally a strong phase of the swell and sag type bordering on the knob 
and basin type. They are moraines which in their northward 
continuation in Eastern Wisconsin assume a pronounced knob and 
basin type. 

In northern Kane and McHenry Counties there are bulky mo- 
raines with strong expression, which do not have definite south- 
ward continuation, unless it be in the bowlder belts. It is not certain 
whether they are to be correlated with the much feebler, bowlder 
strewn moraines of Eastern Illinois and Western Indiana, with 
which the bowlder belts give them a possible connection. They may 
prove to belong to the Early Wisconsin series. In that case they 
were overridden without being obscured by the very bowldery drift 
sheet. 

Valparaiso Morainic System — This system consists of a more or 
less complex belt, which sweeps around the head of Lake Michigan, 
passing through the western and southern part of the Chicago Area. It 
receives its name from the city of Valparaiso, Ind., situated on its 
crest. As it is fully discussed on subsequent pages, further description 
at this point is unnecessary. 

Lake Border Morainic System. — This system embraces a series 
of till ridges well displayed along both the western and eastern 
borders of Lake Michigan. Those in Lake and Cook Counties, 
Illinois, are discussed in detail in this paper. Similar ridges appear in 
Porter and Laporte Counties, Indiana, and in the western counties of 
Michigan as far north as investigations have been carried (to the 
mouth of Kalamazoo River). 

THE LAKE BEACHES. 

Upon the retreat of the ice sheet from the head of Lake Michigan 
a body of water collected in the southern end of the basin and 
discharged southwestward by the "Chicago outlet" to the Desplaines 
River. This period of discharge appears to have been followed by a 
period in which the water level was too low to discharge in that 
direction. There then succeeded another period of discharge through 
the southwestward outlet. This period of discharge was followed by 
the present lake stage with northward outlet. As this complicated 
lake history is discussed in some detail farther on, it is left here with 
this passing word. 
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GENERAL PHYSIOGRAPHIC FEATURES OF 
THE CHICAGO AREA. 

The principal physiographic features of the Chicago Area 
were produced by the ice sheet, the rock surface being generally 
covered to a great depth by the drift. The variations in altitude 
which the region presents are produced by inequalities of drift 
accumulations rather than by the underlying rock, the elevation 
of the rock surface being but little, if any, higher in the highest 
parts of the area than it is in the lowest. 

The most conspicuous physiographic features are the lake 
plain, the lake outlet, and the Valparaiso moraine. Less conspic- 
uous features are found in the Lake Border Morainic System of 
northern Cook and eastern Lake Counties. These are each dis- 
cussed in some detail farther on, but a brief outline of their features 
may be of service at this point. 

The lake plain has its most extensive development in Chi- 
cago and its immediate borders as far north as Winnetka. It 
extends back some twelve to fifteen miles from the lake, with a 
general southward and westward rise, the elevation averaging 
about ten feet at the border of Lake Michigan and about fifty feet 
at the upper beach. This plain is continued into Indiana, but is 
greatly concealed by dunes. North from Waukegan there is a 
narrow plain bordering the lake, whose elevation is but twelve to 
thirty feet above the present lake level. 

The portion of the shore of Lake Michigan between Winnetka 
and Waukegan is occupied by one of the ridges of the Lake Border 
morainic system, and the erosion of this ridge by the lake gives 
the high banks which are present in that section. Between this 
ridge and the Desplaines River there are a series of till ridges 
separated by narrow plains. The ridges rise to a height of 100 to 

Explanation of Glacial Map of Chicago and Vicinity. On this 
map an attempt is made to give a bird's-eye view of the area by 
means of broken profiles. The moraines appear with undulating 
contour, the plains with straight lines, the beaches with abrupt, 
step-like descent of the plain. Striae are indicated by arrows and 
represent bearings accurately. Some confusion of dunes with 
moraines may arise if it is not borne in mind that the belt of ridges 
bordering Lake Michigan in Lake County, Indiana, consists of 
sand dunes. The dunes are found for eight to twelve miles south 
from the lake in that county. The bars in Cook County, Illinois, 
also are to be distinguished from the moraines. They are much 
lower and narrower ridges, as shown in the discussion. 
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125 feet above the lake and the plains from 60 to 90 feet or more. 
The general elevation is, therefore, higher than in the lake plain 
bordering the city of Chicago. 

The district between the Des Plaines and Fox Rivers in Lake, 
northwestern Cook and Du Page Counties, is largely occupied by 
the Valparaiso moraine. This moraine is interrupted by the 
Chicago outlet in southwestern Cook and northern Will Counties. 
East from this outlet it is developed along the watershed between 
the Kankakee River and Lake Michigan in southern Cook and 
eastern Will Counties and continues thence eastward, swinging 
gradually to the north around the head of Lake Michigan. 

The highest points on the Valparaiso moraine are found in 
southern Lake and northwestern Cook Counties. One of these, 
just east of the village of Volo, stands 913 feet, and one in the 
northwest section of Cook County stands 910 feet above tide, as 
determined by the Barometric survey under Professor Rolfe. 
Much of the crest of the moraine in the southwestern part of 
Lake County rises above 850 feet. In northwestern Lake County 
and in northwestern Cook County it rises generally above 800 
feet and a few points exceed 850 feet. In Du Page County the 
crest is generally about 750 feet. In Will County a few points 
rise above 800 feet, but the general elevation is not much above 
750 feet, and this elevation is maintained eastward about to 
Valparaiso, Ind., where the moraine rises above 800 feet and 
continues with an elevation of 800 to 900 feet from that point to 
the borders of the St. Joseph River in Michigan. 

From the Valparaiso moraine there is less descent toward 
the Fox River Valley than toward Lake Michigan, the elevation 
of the immediate border of the valley being 750 to 775 feet in 
Lake County and 700 to 750 feet on the borders of Cook and 
Kane Counties. But upon approaching the Des Plaines River the 
district outside the moraine becomes about as low as that along 
the lake, and the immediate valleys of the Des Plaines and Kan- 
kakee, in Will County, are lower than the lake surface. Farther 
east the district outside the moraine reaches an elevation higher 
than the lake level, the altitude of the Kankakee marsh at the 

Explanation of Profile Sections. — The profile sections given 
in Plate 4 are based upon the railway surveys along six lines radi- 
ating out from Chicago. The distance to rock is shown by a series 
of well borings along each line. In cases where rock is not struck 
the depth of well is indicated. The vertical scale being about 
thirty times the horizontal, the reliefs of the region are suffi- 
ciently well outlined to be readily seen. 
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State line being about forty to fifty feet, and its eastern end, near South 
Bend, fully 100 feet higher than the lake. 

The lake outlet trenches the Valparaiso moraine to a level 
about as low as the surface of Lake Michigan, with a valley 
nearly a mile in average width. This is the only drainage line 
crossing the Valparaiso moraine in Illinois and no drainage line 
crosses the moraine in Indiana, though it is crossed by the St. 
Joseph River just north of the Indiana line between Niles and 
Berrien Springs in Michigan. 

Some of the features just discussed are well represented on 
the reduced topographic map accompanying this paper. But the 
large map sheets of the United States Geological Survey should 
be consulted for the full representation of characteristic 
features of the plain, the outlet, and the Valparaiso moraine. It 
is to be hoped that the map sheets of the entire State, which 
Professor Rolfe has prepared, may soon be published, since 
they bring out clearly the main physiographic features. 
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THE VALPARAISO MORAINE IN ILLINOIS. 

THE MORAINE. 

Distribution. — At the Illinois and Wisconsin line and for 
some thirty miles southward the Valparaiso moraine is so closely 
associated in its outer or west border with earlier moraines that 
that border is not clearly outlined. Just south of Elgin the mo- 
raine first becomes distinct, its course there becoming east of 
south, while the earlier moraines bear west of south. It covers the 
lake region of western Lake and eastern McHenry Counties, its 
eastern border in Lake County being nearly coincident with that 
of the system of small lakes, and slightly east of the water parting 
between the Fox and Des Plaines Rivers. 

In Cook and Du Page Counties the moraine has a breadth of 
not less than ten miles and in places reaches fifteen miles, its 
inner border being somewhat irregular. In northern DuPage 
County it lies entirely within the limits of the county, but 
farther south it encroaches on western Cook County, the inner 
border at the Des Plaines River being about four miles east of 
the county line. The outer border from Wayne to Turner 
Junction lies just east of the Chicago and Northwestern 
railroad. South from Turner junction the West Du Page River 
follows the border. In southern Du Page County there is a 
separation into rudely parallel ridges between which are 
lowlands, which are utilized by the southward flowing streams, 
East Du Page River and Salt Creek. Near the south part of Du 
Page County the East Du Page is forced to turn westward into 
the West Du Page, for the ridges which are separate in Du Page 
County coalesce in northern Will County. Salt Creek has, in its 
lower course, left its old valley and cut a new one eastward 
through Proviso Township, Cook County, to the Des Plaines. 
The old valley passes southward through the western part of 
Lyons Township, almost in line with the upper portion of Salt 
Creek Valley, crossing the Chicago, Burlington and Quincy 
Railway west of Western Springs, and joining the Des Plaines 
about seven miles below the present mouth of the creek. 

Through Will and southern Cook Counties the moraine has 
a southeasterly course. Its inner border is nearly parallel with 



GEOLOGICAL AND NATURAL fflSTORY SURVEY. 



27 



the shore of Lake Michigan and distant from it about twelve miles. 
The Des Plaines River enters this moraine near Mt. Forest and the 
other lake outlet, known as "the Sag," enters it about five miles east 
of Sag Bridge. Between Mt. Forest and the Sag outlet the moraine 
covers an island situated between the outlets of Lake Chicago. The 
main part of the moraine crosses the Des Plaines between Lemont 
and Joliet and thence, continuing south of east, its crest passes near 
Frankfort and Monee and enters Indiana from southeastern Will 
County. There is a somewhat distinct outer belt following the divide 
between the Des Plaines and Du Page southward past Joliet and 
crossing the Des Plaines three to five miles below that city. This 
belt, east from the Des Plaines, is in places distinct from the main 
belt, but scarcely merits a separate name, since it is so generally 
united with that belt. Where distinct it is about two miles in width. 
Throughout much of the interval between the Des Plaines and the 
Indiana line this outer belt is nearly parallel with the Kankakee 
River and distant from it about ten miles. Near the Indiana line its 
border approaches the Kankakee and in Indiana follows closely the 
north side of the marsh drained by the Kankakee. 

Relief. — The crest of the Valparaiso moraine is much higher than 
its outer and inner borders, but the moraine has such broad slopes that 
it has not a bold relief on either face. The following table of 
elevations is taken from the profiles of several of the railways which 
cross the moraine. 

TABLE OF ELEVATIONS ON VALPARAISO MORAINE. 



Railroad. Inner Border. Crest. Outer Border, 

E. J. & E., in Lalce County 720 feet. 880 feet. 770 feet. 

Wisconsin Central 683 " 823 " 778 " 

C, M. & St. P 646 " 812 " 768 " 

C. & N. W. (Wis. div.) 650 " 867 " 772 " 

C. & N. W. (Omaha div.) 641 " 760 " 750 " 

C, B. & Q 646 " 763 " 700 " 

Wabash 665 " 712 " 680 " (I) 

C, R. I. & P 630 " 725 " 680 " (I) 

111. Central 650 " 806 " 710 " 

C.&E. 1 632 " 777 " 713" 



(I) Outer border of main ridge. 

All of the above lines cross the highest part of the moraine 
in their respective latitudes, except the Wabash, Chicago, Rock 
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Island and Pacific, and the Omaha division of the Chicago and 
Northwestern. These lines cross low points in the crest, twenty- 
five to fifty feet lower than the general altitude of neighboring 
portions. The highest parts of the crest in Illinois, as noted 
above, are in northwestern Cook and southwestern Lake 
Counties, and stand about 900 feet above tide. 

Surface Contours. — The Valparaiso morainic system pre- 
sents notable variations in surface contour, even in the short sec- 
tion that lies within the State of Illinois. At the north, in Lake 
County, there are numerous basins occupying an area ranging 
from a few acres up to several square miles each, and containing 
lakes or marshes. They are scattered over the slopes of the mo- 
raine, indenting its surface to depths of twenty-five to fifty feet 
or more. Basins become rare upon passing southward into Cook 
County and the moraine is comparatively free from them through- 
out the remainder of its course in Illinois. The few which occur 
are very small and shallow. These basins, with their lakelets, add 
greatly to the beauty of the scenery of Lake County, furnishing 
attractive sites for summer residences and for camping grounds. 
Among the lakes there are knolls and irregular ridges, with gentle 
slope, ranging in height from ten feet or less up to about fifty feet. 
The moraine has also a well-defined crest line in a ridge twenty to 
forty feet higher than the border tracts and a mile or less in width, 
which leads southward, with a somewhat winding course, through 
the western part of Lake County, forming the water parting 
between Fox and Des Plaines Rivers. 

Passing south into Cook County the crest line continues as 
definite as in Lake County. To the east of the crest line there are 
only gentle swells seldom more than fifteen feet in height and a 
rapid descent to the plain bordering the Des Plaines. To the west 
of the crest line there is an irregular network of ridges and 
knolls, inclosing winding sloughs. The height of these knolls and 
ridges ranges from ten or fifteen feet up to fully fifty feet. Con- 
tinuing south across Du Page County the ridges tend to a paral- 
lelism with the crest and the sloughs become less conspicuous. 
This topography also characterizes the portion of the moraine in 
Will County. In the latter county the tendency to a parallel ar- 
rangement of the ridges and of chains of knolls is very marked. 
Throughout the course in Du Page and Will Counties the inner 
slope has a milder expression than the crest or outer slope, 
though the contrast is scarcely so striking as in Cook County. 

The outlying belt in Will County carries low knolls twenty 
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feet or less in height. There is not so well-defined ridging as in 
the main belt. Though the undulation is not sharp, it is 
sufficient to give this belt a strong contrast to the very smooth 
till plain which borders it on the south. The contrast with the 
till plain on the north is not so striking, for that plain is dotted 
with low swells ten feet or more in height. 

Thickness of the Drift . — Situated as the Valparaiso moraine 
is in a district over which there have probably been several suc- 
cessive ice advances with intervening recessions, the drift can 
scarcely be expected to belong solely to the advance which 
formed this moraine. It is known that remnants of the partially 
cemented sheets of the oldest stages of glaciation are present. 
There is probably present also a considerable amount of drift of 
the Early Wisconsin stage. The drift of the Early Wisconsin 
stage is so similar to that of the Valparaiso moraine that it is 
doubtful if it can be readily distinguished from it. There does 
not appear to be a well-defined soil horizon at the base of the 
Valparaiso sheet to mark the line of junction such as occurs 
under wide areas at the base of the Early Wisconsin drift. The 
thickness of the Valparaiso drift sheet can perhaps be best 
estimated by the relief, for it can scarcely be assumed to 
exceed greatly the measure of the outer border relief of the 
moraine. The relief on that border is estimated to average about 
sixty-five feet. The average thickness is probably even less 
than the relief, since the sheet is markedly thinner on the 
borders of the moraine than on its crest. 

The combined thickness of the several sheets of drift here rep- 
resented is also difficult to determine from the fact that the under- 
lying rock surface is very uneven. In Cook County alone the rock 
surface is known to range from about 100 feet above the level of 
Lake Michigan to more than 100 feet below the surface of the 
lake. In the table of thickness of drift which follows, the older 
deposits as well as those of the Valparaiso moraine are included. 
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List of deep borings along the Valparaiso Moraine in Lake, Cook, Du 
Page and Will Counties . 

Thickness Approximate 
of Elevation 
Drift. above Tide. 



1. At Ivanhoe, on crest 


290 feet 


800 feet 


2. Near Lake Zurich, on crest 


267+ " 


900 " 


3. At Lake Zurich, 20 to 30 feet below crest 


240+ " 


880 " 


4. Hainesville, near crest 


287+ " 


880 " 


5. Gilmer, near crest 


213+ " 


820 " 


6. Crest, east of Wauconda 


230+ " 


850 " 


7. Crest, south of Barrington 


315+ " 


850 " 


8. Barrington, 40 to 45 feet below crest 


254 " 


818" 


9. East of Elgin, near crest 


220-240 " 


850 " 


10. Palatine and vicinity 


100-170+ " 


750 " 


11. Near Schaumberg, along crest 


190+ " 


825 " 


12. Arlington Heights, about 150 feet below 






crest 


128 " 


700 " 


13. North of Arlington Heights, 20 to 30 feet 






above station 


190 " 


725 " 


14. Near Spaulding, about 50 feet below crest 


120 " 


770 " 


15. Bartlett, 10 to 20 feet below crest 


100+ " 


800" 


16. Ontario ville, near crest 


140+ " 


815" 


17. Roselle, about 50 feet below crest 


100+ " 


770 " 


18. Crest south of Bloomingdale 


162 " 


800 " 


19. Itasca 


72+ " 


692 " 


20. Bensenville 


97 " 


677 " 


21. Elmhurst , 


98 " 


688 " 


22. Ehnhurst Quarry 


Trace 


660 " 


23. Turner Junction 


116 " 


765 " 


24. Quarries near Naperville 


Trace 


700 " 


25. Crest east of Naperville 


1X5+ " 


740 " 




1 13-H " 


720 " 


27. Crest east of Downers Grove 


159 " 


750 " 




160+ " 


755 " 


29. Crest northwest of Lemont 


150 " 


740 " 


30. Crest of moraine east of Lockport 


115+ " 


725 " 


31. Near Spencer 


81 " 


710" 


32. Crest near Frankfort 


135+ " 


780 " 


33. Hickory Creek, near Frankfort 


Trace 


730 " 


34. Sec. 13,Tp. 35,R.XIIE 


It 


760 " 


35. Monee, on crest 


180+ " 


804" 


36. Crest near Goodenow 


1 12+ " 


780 " 


37. Beecher 


106+ " 


720 " 


38. Sec. 11. Tp. 34,R. XIVE 


106+ " 


720 " 


39. Chicago Heights 


30 " 


690 " 


40. Quarry 1 Mi. east of Chicago Heights 


Trace 


665 " 
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Structure. — The drift of the Valparaiso sheet, together with that of 
the Early Wisconsin, which underlies it, consists mainly of a soft blue till, 
easily penetrated by the spade or auger. With the till there are local 
deposits of sand or gravel, which collect the water that supplies wells. 
There are also a few places in which the deposits of sand and gravel 
occupy nearly the entire drift section. In following the moraine through 
Northeastern Illinois there will be found occasional townships in which 
the till, which is a poor source for water because of its compact matrix, is 
not accompanied by a sufficient amount of sand or gravel to furnish water 
for strong wells, while in adjoining townships no difficulty may be 
experienced in obtaining water. It is more often found necessary to drill 
weUs to great depths in eastern and northern Du Page, northwestern Cook 
and southern Lake Counties than elsewhere along the moraine in Illinois, 
many wells in that district being more than 150 feet in depth. In southern 
Du Page County, between the east and west branches of Du Page River, 
the drift to a depth of fifty to sixty feet or more (the depth reached by the 
deep wells) is mainly sand and gravel, this being an unusually gravelly 
part of the moraine. In Will County wells seldom reach a depth of 100 feet 
because of the abundance of water-bearing sand or gravel at less depth. 

In collecting well records there is, I find upon examining my notes, 
a larger proportion showing exceptional than normal conditions, it 
being natural to pass over the usual section after it is once noted 
without collecting further records. This should be borne in mind when 
examining the specific well records given below. Scores of wells were 
found which show a section about as follows: At surface ten to twelve 
feet of pebbly yellow till, beneath which is a soft blue till extending to 
the water bed of sand or gravel at depths ranging from twenty-five feet 
to 150 feet or more. If a well is carried to a depth much beyond 150 
feet it is usual to pass out of the blue till into a hard brown till, unless 
rock is reached. This hard till presumably belongs to one of the earliest 
invasions of the ice. Ina few cases great depths of sand have been found 
beneath the blue till, as noted below. The sections of wells here given 
include the deepest which came to my notice. 
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S. J. Lewis, a well driller, of Elgin, 111., reports a well about 
one mile east of Lake Zurich, in Lake County (in Sec. 20, T. 43 
N., R. 10 E.), which has the following section: 



1. Yellow, pebbly clay 12 feet 

2. Grayish-blue, pebbly clay 88 " 

3. Fine, gray sand 197 " 

Depth 297 feet 



Altitude of weU mouth about 900 feet A. T. 

Mr. Lewis reports three wells near Lake Zurich which ob- 
tain water in gravel beneath the blue till at 138, 140 and 150 
feet, respectively. Near Hainesville, in Sec. 28, T. 45 N., R. 10 
E., he reports a boring to have reached the bottom of the blue till 
at 120 feet. Below this till is sand for a depth of 167 feet. The 
sand yielded an abundance of water, but was too fine to be 
screened by the strainer and no well could be obtained. Near 
Gilmer, in Sec. 3, T. 43, R. 10 E., Mr. Lewis made a well which 
penetrates stony clays 120 feet and sand 93 feet, obtaining water 
in coarse sand at a depth of 213 feet. For a mile or more east of 
Gilmer wells are obtained in gravel beneath blue till at a depth of 
75 to 100 feet, but occasionally the blue till extends to a depth of 
160 feet. In Barrington Township, Cook County, T. 42 N., R. 9 
E., wells usually penetrate soft blue till to a depth of 100 to 140 
feet and occasionally 200 feet before reaching a water bearing 
gravel or a harder till. 

Mr. W. Spurner, of Lake Zurich, who has had some experi- 
ence in boring tubular wells, furnished the following section of his 
own well near Lake Zurich, in Sec. 17, T. 43, R. 9 E. : 



1 . Yellow, pebbly clay 10 feet 

2. Grrayish-blue, pebbly clay, about 130 " 

3. Sand, and blue, pebbly clay in alternate layers of various 

thicknesses 60 " 

4. Sand, becoming coarse and gravelly at bottom 43 " 



Depth 240 feet 



Mr. Spumer reports that a boring at Ivanhoe, Sec. 22, T. 44, 
R. 9 E., strikes rock at 290 feet. A well three miles southeast of 
Wauconda, on the Fletcher Estate, Sec. 32, T. 44, R. 10 E., is 
reported by Mr. Spumer to have the following section: 
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1. Yellow, pebbly clay 12 feet 

2. Gravel 2-3 " 

3. Blue, pebbly clay, with sand pockets 100 " 

4. Sand and reddish, pebbly clay, in alternate layers, each 10-15 

feet 107 " 

5. Whitish, sandy clay 4 " 

6. Sand and gravel 3 " 



Depth 230 feet 



Mr. Spumer estimates the depth of the blue till along the 
divide between the Fox and Des Plaines Rivers in southern Lake 
County to be 125 to 150 feet and wells occasionally obtain 
water in gravel immediately beneath this till. 

Mr. William McWendle, a well borer at Oak Glen, reports two 
wells at Barrington that strike rock at 254 and 250 feet, re- 
spectively. To a depth of about 160 feet in each well the drift is 
mainly a soft blue till. Considerable cobble was encountered at 
this depth. Below the cobble is a lighter colored clay harder and 
more pebbly than the blue clay and apparently belonging to an 
older drift sheet. 

Mr. A. W. Van Dervolgan, of Batavia, reports the following 
section of a boring on the crest of the moraine south of Barring- 
ton, in Sec. 22, Barringtown Township, which is the thickest 
section of drift yet noted in the Chicago Area: 



1. Yellow and blue, pebbly clays, about 160 feet 

2. Quicksand about 15 " 

3. Reddish, pebbly clay, hard and dry, about 140 " 



Depth 315 feet 



The well was abandoned without reaching the bottom of the 
drift and a second boring was made only five rods distant from 
it, which furnishes a good supply of water at 170 feet. 

Mr. M. Sneible, of Palatine, has found in his experience as a 
well borer that the yellow surface clays in the vicinity of that vil- 
lage vary in depth from six to fifteen feet and that the blue bowlder 
clay is 100 to 125 feet in depth. He usually finds sand or gravel 
beneath the blue clay and here obtains the wells, but occasionally 
a thin bed of cemented gravel is penetrated or limestone is en- 
tered just below the blue clay before obtaining a well. In sev- 
eral instances he has reached the bottom of the drift at 150 to 165 
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feet and in one place, near Palatine, at 100 feet. But it should be 
borne in mind that the surface elevation in the vicinity of Pala- 
tine is at least 100 feet below the crest of the ridge in Barrington 
Township. Mr. Sneible has found buried soil but once. This was 
near Arlington Heights, beneath blue bowlder clay, at a depth of 
seventy feet. The soil was underlain by a pebbly clay. It 
contained bits of wood and was of an offensive odor. 

Mr. R. Ryan, of Bloomingdale, in an extensive experience as 
a well borer, has found a buried soil but a few times. He recol- 
lects its depth in but one instance, in a well in the northwestern 
part of Schaumberg Township. It occurs at 135 to 139 feet below 
the surface. It is of a brownish black color and has an offensive 
odor. It is overlain by blue bowlder clay and underlain by 
quicksand. Mr. Ryan and also other well borers have found wood 
and peaty deposits imbedded at slight depth beneath ponds. They 
are covered by swamp muck and pebbleless clays and have 
probably been buried in postglacial times. Mr. Ryan reports the 
soft blue till to have a depth of 100 to 140 feet in the vicinity of 
Bloomingdale, Schaumberg and Wheaton. 

Mr. Diebold, a well borer at Downers Grove, reports a depth of 
100 to 115 feet of blue bowlder clay in the vicinity of Downers 
Grove, Clarendon Hills and Hinsdale. Mr. Diebold furnished the 
following section of a well at a brick yard on the crest of the 
moraine three miles east of Downers Grove: 



1. Yellow clay (pebbly) 7 to 8 feet 

2. Grayish-blue, pebbly clay 112" 

3. Fine, blue sand 39 " 

4. Limestone 40 " 



Depth of drift 159 feet 



Mr. Diebold has frequently found a blue sand beneath the 
blue bowlder clay in that vicinity, and if this is not present there 
is usually white sand or gravel beneath the blue clay and 
overlying the rock. 

Borings near East Du Page River strike rock at 100 feet or 
less, and the sand and gravel which underlie the blue clay are 
but a few feet in depth. 

The structure of the drift along the bluffs of the Des Plaines 
is well exposed at several points between Lemont and Joliet. 
There appears to be much more sand and gravel than is shown by 
well sections on the uplands. There is, however, considerable 
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till exposed in the east bluff. Just below Lemont a blue till rests 
immediately on the limestone, but frequently in that locality there 
is sand or gravel at the base of the drift. In the west bluff, oppo- 
site Lemont, there are large accumulations of sand, gravel and 
cobble, in portions of which bowlders and bowlderets are im- 
bedded, while in other portions assorting is quite perfect. There 
are also places where a very fine, partially cemented, sand, almost 
as fine as loess, caps the deposit. 

In the portion of the moraine east of the Des Plaines River the 
yellow clay has a depth of about ten feet. It is underlain by a 
grayish-blue bowlder clay, which carries a sufficient number of 
water-bearing veins to furnish abundance of water for wells. There 
is less difficulty experienced in getting good wells at slight depth 
here than in the portion of the moraine west of the Des Plaines 
River. There are very few tubular wells and these seldom exceed 
seventy-five feet in depth, while the majority of those along the 
crest of the moraine have a depth of but forty to sixty-five feet. 
Consequently there is a less complete knowledge of the deeper 
structure of the drift than on the portion west of the Des Plaines 
River. The following represent the deepest wells of which sections 
were obtained: 

At Beecher Station a well 106 feet in depth is principally in 
blue bowlder clay and obtains water in a gravel at the depth 
mentioned. 

On the crest of the moraine at C. L. Pease's residence, one 
mile north of Goodenow, a well 112 feet in depth is in blue 
bowlder clay to the water-bearing gravel at bottom. 

J. O. Piepenbrink, Section II, Crete Township, has a well 106 
feet in depth, which has the following section: 



1. Yellow, pebbly clay, of reddish cast 20 feet 

2. Grayish-blue, pebbly clay 85 " 

3. Coarse sand 1 " 



Depth 106 feet 



Mr. Piepenbrink finds the blue clay less pebbly than the 
yellow clay and the blue clay varies greatly in hardness in differ- 
ent wells on his farm and also varies at different depths in the 
same well. 

In the village of Crete nearly all the wells enter sand at slight 
depth, and cellars are frequently drained by boring a few feet in 
their bottoms to a dry sand, which absorbs their water. The 
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following section of a well in Sec. 8, Crete Township, is represent- 



ative: 

1. Yellow, pebbly clay 15 feet 

2. Blue, pebbly clay 8 " 

3. Dry sand 12 " 

4. Quicksand and water 17 " 



Depth 52 feet 



In some wells the sand lies within ten feet of the surface and 
has no blue clay above it. 

The following sections of well borings near Spencer will il- 
lustrate the structure and show the general thickness of drift in 
that locality: 



Section of well at elevator in Spencer — 

1. Yellow, pebbly clay 12 to 15 feet 

2. Blue, pebbly clay, hard and dry 50 " 

3. Cemented sand 3 to 4 " 

4. Quicksand 5 to 6 " 

5. Limestone at 75 feet (1) 

Section of well two miles south of Spencer — 

1. Yellow, pebbly clay 8 feet 

2. Sand and gravel 14 " 

3. Blue, pebbly clay, hard and dry 60 " 

4. Limestone at 82 feet 



Carbonic acid gas has been encountered quite frequently in 
wells along this moraine. It is usually found in dry cavities in 
the blue clay and is struck at various depths. 

In the outlying belt in Will County, from the Des Plaines 
River southeastward, the thickness of the drift is much less than 
in the main belt, being as a rule between forty and seventy-five 
feet. There is usually at surface ten to twenty feet of yellow till. 
Beneath this is occasionally found a bed of sand or gravel of 
slight depth, but usually blue till immediately underlies the yel- 
low. In the blue till beds of blue quicksand are often struck. 
These beds are, in this district, sometimes ten feet or more in 
depth, and offer great obstruction to well-digging or boring. 
Such quicksand is not uncommon in other districts in Northeast- 
ern Illinois. Wells are seldom obtained in it, though it is full of 
[1] It is thought that rock was struck at the bottom of the well. 
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water, for the reason that the sand clogs the strainer of the pump. 
It is also difficult to case or wall a bored or dug well in this ma- 
terial, it being necessary to sink the wall or casing to the bottom 
of the sand. Many wells are carried through this sand and a few 
feet of the underlying blue clay to a gravel bed or in some 
instances into underlying limestone. 

FLOWING WELLS (1). 

Palatine Flowing Well District. — In the vicinity of Palatine, 
in northern Cook County, there is a small district having a radius 
of about two miles from the village of Palatine as a center, where 
flowing wells are obtained. In 1887 there were eight of these wells 
in the village of Palatine, and at least twenty-five in the township. 
The writer has obtained no later information concerning this 
district. The depth of the wells ranges from 70 to 170 feet, the 
majority of them being from 125 to 170 feet in depth. Occa- 
sionally a well has struck two or more veins from which water 
will flow, though usually there is but one vein. The water rises in 
the village of Palatine from the three strongest wells about ten 
feet above the level of the track at the depot. These wells do not 
obtain water from exactly the same depth, but are among the 
deepest wells in the village. The head is lower in the shallow 
wells, water rising in some cases only about five feet above the 
level of the railway station. It was not determined to what height 
water rises in wells outside the village compared with those in 
the village, since they are scattered widely and no levelings have 
been made between the wells. The rate of discharge varies 
greatly even in the village of Palatine. The strongest well, which 
is at the cheese factory, has a discharge of sixty gallons per 
minute. The other wells in the village flow but one to six gallons 
per minute, and the wells at the farm houses outside the village 
seldom flow more than five gallons per minute. The water is 
slightly chalybeate in every well which was examined. The 
waters vary greatly in hardness in the different wells. All the 
water, however, is so hard that it is necessary to "break" it 
before using it for laundry purposes. 

There are many deep wells in the vicinity of Palatine which 
do not flaw, even when the surface level is lower than that at the 
flowing wells. The water supply is apparently from veins whose 
collecting areas vary in altitude, otherwise the water level would 
be more uniform. 



[1] These flowing wells were i3rst discussed by me in the 17th Annual Report of the U. S. 
Geological Survey. 
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The collecting area is thought to be in the portion of the 
moraine west and north of Palatine. The moraine west of Pala- 
tine attains an altitude of 100 to 120 feet above the station, and 
the crest in Lake County has nearly as great an altitude. The 
superficial drainage is very poor north of Palatine, on the divide 
between Salt Creek and Buffalo Creek, and it is also poor west 
of Palatine, for there is no stream nearer than Fox River to re- 
ceive its waters. Consequently much of the water must evapor- 
ate or find outlet by underground passages. There seems to be a 
sufficient collecting area and also a sufficient variation in 
altitude to account for the wells and the difference in head. 

Salt Creek Flowing Well District. — South of Palatine Town- 
ship, along Salt Creek and its tributaries, flowing wells are fre- 
quently obtained. They differ but little from springs which occur 
along the creek. There are at least six such wells along a tributary 
of Salt Creek in the eastern part of Schaumberg Township (T. 41, 
R. 10 E.), none of which exceed forty-five feet in depth. Those 
along Salt Creek, from Plum Grove, in southern Palatine 
Township, to the vicinity of Elmhurst, in York Township, seldom 
exceed thirty feet in depth. 

In Itasca there are a few flowing wells along a tributary of 
Salt Creek. Of these the deepest one recorded is but twenty-eight 
feet. The water here will rise not more than three feet above the 
bed of the creek. This level is sixty-five to seventy feet lower 
than the level of the flowing wells in Palatine. 

OUTER BORDER PHENOMENA. 

While the ice sheet was forming the Valparaiso moraine 
there were streams of water issuing from its outer border and 
escaping down the Des Plaines River. These streams became 
overburdened with material derived from the ice and in 
consequence built up their beds and valley bottoms to a marked 
degree. The filling reached such a stage that the streams were in 
some cases forced to find outlet across the present interfluvial 
tract. Valleys were formed by these streams which are now 
abandoned or occupied by insignificant brooks (1). 

From the contour maps prepared by the United States Geo- 
logical Survey it is possible to ascertain the height to which the 
filling extended along the lower part of the Du Page and the 
Des Plaines and the elevation of these abandoned channels. From 

[1] Perhaps the valleys here referred to were partially opened by subglacial 
streams at the time when the moraine which they cross was occupied by the ice 
sheet. 
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the Joliet sheet, which includes sections of the Des Plaines and 
lower Du Page Rivers, immediately outside the Valparaiso mo- 
raine, it appears that on the immediate border of the moraine the 
gravel filling reached an altitude approximately 620 feet A. T. 
These gravel deposits are extensive along the Du Page River be- 
low the junction of the West and East Forks and along the Des 
Plaines River below Romeo. Tracing these deposits southward, 
there is a marked descent, the altitude at Plainfield being 
scarcely 610 feet, at Grinton 590 feet, at Joliet Mound 580 feet 
and at Channahon 570 feet, a fall of fifty feet in a distance of 
about twenty miles. 

The abandoned valleys which connect the Des Plaines and 
Du Page Rivers are not of the same elevation. The northermost 
one, occupied by small streams which drain it in opposite direc- 
tions, each of which is known as Isle la Cache Creek, leaves the 
Des Plaines opposite Romeo and passes nearly directly westward 
to the Du Page Valley just above Plainfield. It has an elevation 
between 600 and 610 feet A. T. It opens out toward the south- 
west into an extensive gravel plain near Plainfield, having the 
same elevation as the channel, which was probably built up in 
part by the current which formed this valley. The valley is about 
one-half mile in width and is cut to a level forty to fifty feet 
below the bordering uplands. 

A second valley leaves the Des Plaines about two miles south 
from the Isle la Cache and leads southwestward to the Du Page, 
entering that valley below Plainfield. Its elevation is 620 feet, or 
about the elevation of the gravel deposits bordering that portion 
of the Des Plaines Valley and somewhat higher than the deposits 
on the Du Page. It is not so large as the Isle la Cache and prob- 
ably was earlier abandoned. 

A third valley leaves the Des Plaines about midway between 
Lockport and Joliet and passes westward into the Du Page Valley 
just above Grinton. The elevation of its channel is 570 to 580 feet 
Or ten to twenty feet below the level of the bordering gravel 
deposit. It is about fifty feet in depth and nearly one-half mile in 
width. The contours of its bluffs indicate the line of a vigorous 
stream. This valley was apparently the last of the three to be 
abandoned. 

The deposits along the Du Page and Des Plaines Rivers con- 
sist in the main of coarse gravel and cobble, much of the finer 
material having been swept away by the strong current. Excellent 
exposures are to be seen in the gravel pits near Plainfield On the 
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Du Page and in numerous small gravel pits along the border of 
the Des Plaines, both above and below Joliet. One of the largest 
on the Des Plaines is found in an island-like remnant of the old 
terrace known as "Joliet Mound," about two miles below the city 
of Joliet, on the west side of the river. At the southeast end of 
this mound the following section is exposed : 

1. Surface coating of silty clay 1 to 4 feet 

2. Coarse gravel and cobble 10 to 12 " 

3. Sandy gravel of medium coarseness, cemented in places 25 to 30 " 

4. Fine sand or loam 4 " 

5. Blue, pebbleless clay, laminated, calcareous 8 to 10 " 

6. Bowlder bed, containing clay balls and a sandy, clay 

matrix, extending to river level on east side of mound, 

but underlain at slight depth by limestone at west side. 5 to 20 " 

It is thought that the bowlder belt is a result of interglacial 
erosion of a till sheet. The blue pebbleless clay which overlies it 
is apparently a still water deposit formed perhaps before the ice 
sheet had reached such a stage of melting as to produce vigorous 
drainage. The upper member appears to indicate a deposit by a 
stream whose vigor was greatest toward the close of deposition, 
for at the top the cobble is swept almost free from sand. The 
change, however, may have been brought about by a shifting of 
the main current of the stream, the coarse material being 
deposited over portions of the bed which had before been outside 
the main current. 

The deposits of gravel along this valley terminate very ab- 
ruptly at the south, near Channahon, there being only a fine sand 
on the plain in the Morris basin at the head of the Illinois. This 
feature is apparently due to the presence of a body of still water 
in the low country about the head of the Illinois River. The 
region is covered by sandy deposits up to a level about 575 feet 
A. T., on the border of which there are in places well defined 
beach lines. This lake had a western outlet through the 
Marseilles moraine down the Illinois. Its beaches are traceable a 
short distance beyond Morris. Further west the body of water 
became narrowed to the width of the Illinois valley and changed 
to an eroding agent. 

It is probable that each of the small tributaries of the Kankakee, 
which head in the Valparaiso moraine, and also eastern tributaries 
of the Des Plaines, were lines for escape of glacial waters, but the 
writer has not examined the valleys to determine the effect of such 
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waters, excepting the valley of Hickory Creek, which enters the 
Des Plaines at Joliet. This valley has a moraine-headed terrace, 
setting in at the outer border of the moraine in Sec. 17, New 
Lenox Township. It has a gently undulating surface for a mile or 
more out from the border of the moraine; its surface then 
becomes plain. This gravel plain is nearly as high as the 
bordering till plains 620 to 630 feet A. T. and 60 to 70 feet above 
the present stream. 

On the east side of the West Du Page River, from Naperville 
northward, the gravelly deposits of the moraine graduate into 
terraces or gravelly aprons, which lead down the valley. The low 
gravelly knolls of the moraine disappear in a nearly plane sur- 
faced apron on descending to the border of the river. This gravel 
apron is not so extensive as the deposits of the lower Du Page, 
above described, and is now seen only as remnants along the 
valley border. 

The East Du Page throughout its entire length drains a broad 
slough, which separates morainic ridges. Its bottom is said to be 
underlain by deposits of gravel and cobble. 
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LAKE BORDER MORAINIC SYSTEM. 

THE MORAINES. 

Between the Valparaiso moraine and the shore of Lake 
Michigan there are, in Cook and Lake Counties, a series of nearly 
parallel till ridges. We can perhaps best describe them as the 
West Ridge, Middle Ridge and East Ridge. Though usually 
distinct, the ridges are in places coalesced as described below. 

The Outer or West Ridge. — The outer or west ridge enters 
Illinois from Wisconsin on the west side of the Des Plaines River, 
its outer border being for a few miles followed by Mill Creek, 
while its inner extends to the west bluff of the Des Plaines River. 
Just below Gurnee the river passes through the moraine and for 
several miles south follows closely the outer border. The river then 
bears away from the ridge a short distance and the outer border of 
the ridge for the remainder of its course lies a mile or more east of 
the stream. In Lake County the ridge is sufficiently prominent and 
bulky to constitute a marked feature and has a general width of 
about two miles. In the south part of the county it sends out a spur 
to join the middle moraine belt near Deerfield, while the main 
ridge continues south into Cook County, gradually decreasing in 
strength and dying out in a plain near Mont Clare, in the 
southwestern part of Jefferson Township (T. 40, R. 12 E.). For five 
or six miles north from its southern terminus it rises scarcely ten 
feet above the bordering plains, and is distinguishable from them 
mainly in being more undulatory. Where well developed, as in 
northern Lake County, the moraine has numerous knolls, 20 to 25 
feet in height, and these stand upon a basement ridge whose relief 
is nearly twenty-five feet. A noticeable feature of this and also of 
the other ridges of this system is the difference in the breadth of 
the outer and inner slopes, the usual breadth of the outer slope 
being scarcely one half that of the inner. 

The Middle Ridge. — As already noted, this ridge is joined to 
a spur from the west ridge, south from Deerfield. The combined 
belt finds its southern terminus near the head of the Chicago 
River and at the border of the old lake. A possible continuation 
southward is discussed below. The course of the belt is south to 
north, through Northfield Township, Cook County. Upon enter- 
ing Lake County it becomes distinct from the spur and remains 
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a distinct ridge for a distance of fifteen miles. It tliere, in Sec. 18, 
Waukegan Township (T. 46, R. 12 E.), becomes united with the 
east ridge and remains so as far north as it has been examined. On 
each side of this ridge there is a narrow sag or slough. The sag on 
the east is marshy its entire length from Winnetka, in Cook 
County, northward to the latitude of Waukegan, a distance of 
nearly twenty miles. For a couple of miles at its southern end it 
has a width of one-half mile or more, but the usual width is only 
one-fourth mile. The sag on the western, or outer, border contains 
a marsh from Rondout station south to the Lake and Cook County 
line, a distance of about nine miles. 

This ridge, like the west ridge, has low knolls along its crest, 

8 to 15 feet in height, but the coalesced ridge in Northern Cook 
County is more billowy and carries knolls twenty feet or more in 
height. There are basins and winding sloughs among the knolls, 
which add to the expression of the moraine. 

The East Ridge. — The southern terminus of the east ridge is 
at Winnetka, where the present lake cuts it off. It has apparently 
had its entire east slope and a portion of the crest removed by the 
lake, there being a descent immediately from the bluff on the 
lake to the slough, which lies west of the ridge. Following the 
ridge north to Highland Park the crest and east slope appear. 
Continuing north to Lake Forest, a narrow till plain appears on 
the east of the ridge, the inner border of the ridge lying back a 
half mile or more from the lake front. Still farther north at Wau- 
kegan, the inner border lies back about two miles from the lake 
front. The usual width of this ridge, where complete, is about 
one mile. The crest of the ridge usually stands 110 to 125 feet 
above the lake. At Winnetka, the higher portion being removed, 
it rises but 80 feet above the lake. The till plain east of the ridge 
stands 75 to 90 feet above the lake. 

The rate at which the lake bluff is being encroached upon by 
wave action has become a matter of much concern to the residents. 
It is estimated by old settlers that from Waukegan to Evanston 
there has been, during the thirty years from 1860 to 1890, a strip 
about 150 feet in width, undermined and carried into the lake. This 
amounts to about 500 acres, representing at present valuation 
nearly one million dollars' worth of property. 

Relief . — The west ridge rises with a somewhat abrupt slope 
about twenty-five feet above the plain along the Des Plaines 
River. On the inner (eastern) side there is a gradual descent of 
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about forty feet to the plain along the Chicago River, and of 20 
to 25 feet to the marshy plain in Lake County. 

The middle ridge has a relief of 20 to 25 feet above the 
marshy plain on its outer border, and a gradual slope of 25 to 40 
feet to the sag or slough, which lies on its inner border. 

The east ridge has a relief of 20 feet in Northern Lake County 
and 35 to 40 feet in Southern Lake and Northern Cook Counties 
above the sag on its outer border. The reliefs of all these ridges are 
lessened at the northern end because of increase of elevation in the 
sags or plains which separate them. The ridges each maintain a 
nearly uniform height above Lake Michigan throughout their 
course in Illinois. 

Thickness of Drift. — In numerous borings, 75 to 100 feet in 
depth, no rock is struck and no outcrops of rock occur along this 
portion of the lake shore. The drift beneath the level of the base of 
these moraines is probably largely of earlier date. The following 
list of borings which have struck rock indicates that in several 
places at least the rock surface lies much below the surface of 
Lake Michigan. 

1. At Senator C. B. Farwell's artesian well, in Lake Forest, 
rock is struck at 160 feet. The well mouth is 40 to 45 feet below 
the crest of the east ridge at Lake Forest and about 75 feet above 
Lake Michigan. 

2. At Highland Park rock is struck at 160 to 175 feet. The 
elevation above the lake is 100 to 115 feet. 

3. At Lloyd's artesian well, in the north part of Winnetka, 
rock is struck at 150 feet. The well mouth is by surveyors' level 
78 feet above Lake Michigan. 

4. At Ravinia a well strikes rock at 164 feet. The surface 
level has not been accurately determined, but it is probably about 
100 feet above Lake Michigan. 

5. Near Schermerville rock is struck at 147 feet. The surface 
elevation does not exceed 100 feet above Lake Michigan. 

6. On the crest of the west ridge in Sec. 14, Maine 
Township (T. 41, R. 12 E.), rock is struck at 110 feet. The 
elevation is probably about the same amount above the lake. 

Structure of the Drift. — Along the lake shore the bluffs from 
Winnetka to the vicinity of Waukegan rise abruptly 75 to 90 feet 
and present many good exposures of the drift to this depth. There 
is at the surface a pebbly yellow clay 8 to 13 feet in depth, which 
is similar to that in the Valparaiso moraine. Beneath this clay is a 
grayish blue till containing occasional sand pockets saturated with 



GEOLOGICAL AND NATURAL HISTORY SURVEY. 45 

water. These, however, form but a small part of the drift. The bulk of 
the bluff is a compact till, but moderately pebbly and exposing only 
an occasional imbedded bowlder. It was noted that the pebbles and 
bowlders are usually glaciated. 

Neither the east ridge nor west ridge nor the northern portion 
of the middle ridge has gravel knolls of any consequence, but the 
southern portion of the middle ridge lying in Cook County has 
many such knolls. Indeed, nearly every prominent knoll contains 
gravel. It seldom exceeds 15 feet in depth and appears to be 
confined to the knolls, for they are situated on a basement ridge of 
till similar to the till exposed along the lake bluff. But one 
complete reliable section of the drift could be obtained, which, 
though valuable, needs to be supplemented by other records to 
furnish a satisfactory knowledge of the lower portion of the drift. 
The well is located at Ravinia. Its section was furnished by 



William McWendle, of Oak Glen. 

1 . Pebbly, yellow clay 1 1 feet 

2. Grayish-blue, pebbly clay 60 " 

3. Gray clay, very pebbly 10 to 12 " 

4. Grayish-blue, pebbly clay, lighter color than No. 2 70 " 

5. Clay, resembling putty 4 to 5 " 

6. Limestone 22 " 



Total drift 164 feet 



SUPPOSED CORRELATIONS. 

None of these moraines have been found to have connection at 
their southern end with the massive Valparaiso moraine, nor do they 
admit of continuous tracing around the southern end of the lake 
within (north of) that moraine. The weak development in that district 
seems the more remarkable since there is on the east side of Lake 
Michigan, northward from Porter County, Indiana, a series of ridges 
of similar size and complexity to that under discussion and which 
are probably its continuation. The conditions which affected the 
southern end of the ice lobe at the time these belts were forming are 
so poorly known that it may be difficult to ascertain what caused this 
wide gap. The question naturally arises whether the expanded lake 
and its old outlet may not have removed the ridges. 

In the case of the western ridge this suggestion is inapplicable, 
since the terminus at Mont Clare is outside the well-defined 
beaches and above their level. The ice sheet here, however, may 
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have terminated in water held between its front and the Valparaiso 
moraine in the brief period required for the cutting down of the 
outlet to the level of the upper beach. But in that case, while wave 
action may have removed weak morainic features, it seems scarcely 
probable that there could have been a complete obliteration of so 
strong a belt as is present in districts to the north. In the case of the 
Middle and East Ridges, as shown below, there may have been 
some erosion by the lake outlet and lake waves. 

The Blue Island Ridge. — The Middle Ridge has its southern 
terminus as a well-defined ridge at the point where it meets the 
Upper beach. There is, however, near the southwestern limit of the 
city of Chicago a till ridge, and connected with it a bowlder belt, 
which may be correlatives of this morainic ridge. 

The till ridge referred to is known as "Blue Island." It leads 
north to south for a distance of about six miles, along the line of 
Calumet and Worth Townships. Blue Island village is situated at 
its southern end. At that end the ridge stands about 60 feet above 
Lake Michigan, but rises northward to an altitude 85 to 90 feet 
above the lake. Its width, including the slopes, is only about one 
mile. The northern portion is gently undulating and is strewn with 
bowlders, but the remainder of the ridge is smooth and 
comparatively free from surface bowlders. Around this ridge there 
are shore marks in the form of eroded banks or terraces and 
gravelly beaches at an altitude 55 to 60 feet above the present lake 
level. On its west border sand from the old lake shore is drifted 
into dunes that extend nearly to the top of the ridge. Blue Island 
ridge owes its elevation to a thickening of the drift deposits, for 
the rock surface is as low beneath it as on border plains. A well at 
Morgan Park, near the crest, reaches a level 70 feet below the base 
of the ridge before entering limestone. 

Bowlder Train. — A train of bowlders is traceable north from 
the north end of Blue Island through the western part of the city of 
Chicago to the vicinity of the Chicago River in Jefferson Township. 
Although portions of the line fall within a thickly settled portion 
of the city, the bowlders still remain in sufficient numbers to be a 
noticeable feature. In the thinly settled district from South Lynne 
southward to Blue Island they remain in about their natural 
abundance. The belt occupied by the bowlders is a mile or more 
in width. There appear to have been several hundred bowlders 
to the square mile along this line, while on bordering districts 
there are estimated to have been less than 100 to the square mile. 
From the north end of this bowldery tract to the south end of the 
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Middle Ridge the interval is but a few miles and is mainly covered 
by heavy deposits of lake sand and gravel which would obscure 
any bowlder connection which may have existed. There seems, 
therefore, nothing to oppose the correlation of the bowlder train 
and Blue Island ridge with the Middle ridge. 

From the south end of Blue Island ridge to the till ridges in 
Porter County, Indiana, no line of bowlders or indication of the 
position of the ice margin has been found. Such features may 
however, be concealed in much of that district by the heavy depos- 
its of lake sand. 

Continuation of East Ridge. — The East ridge apparently had 
some continuation southward beneath the present lake. Prof. L. E. 
Cooley, of the Chicago Drainage Commission, informs me that in 
a series of dredgings in the south end of the lake, made a few 
years since under his direction, a bowldery belt was traced for 
several miles southeastward from the terminus of the East ridge at 
Winnetka. This bowldery belt is perhaps a residue from a ridge of 
till which has been cut away by the lake. 

ASSOCIATED TILL PLAINS. 

The ridges just discussed occupy but a small portion of the 
area embraced between the Valparaiso moraine and the shore of 
Lake Michigan. The greater part of the area is a plain underlain 
by till deposits. On this plain, as is shown later, the lake has built 
or carved its shore lines and made thin deposits of sand or gravel. 

Altitude and Slopes. — In the portion of the plain west and 
south from Chicago the altitude at the border of the Valparaiso 
moraine is 620 to 630 feet A. T., or 40 to 50 feet above the lake. 
From this border there is a gradual descent toward the present 
shore of Lake Michigan, where the altitude is about 590 feet A. 
T. This portion of the plain was covered by the lake at the time 
the upper beach was formed, the altitude of that beach being 635 
to 640 feet A. T. 

Upon passing northward along the till plains just described the 
narrow plains which separate the ridges soon rise above the level of 
the Upper beach. The plain that lies between the West ridge and the 
Valparaiso moraine slopes eastward at the rate of several feet per 
mile. Its west border next the Valparaiso moraine rises from 635 
feet at Ovington station, on the Omaha division of the C. & N. W. 
railroad, to about 690 feet at the line of Cook and Lake Counties, 
a distance of 18 miles, and about 725 feet in northern Lake County 
at the line of Illinois and Wisconsin, a distance of 24 miles farther. 
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This rise of IV2 to 3 feet per mile is, of course, not perceptible to 
the eye. 

The plain between the West and Middle ridges rises from 630 
feet at Oak Glen to 680 feet at Deerfield, a distance of six miles. 
From Deerfield north to the State line, a distance of 24 miles, it is 
shown by the C, M. & St. P. railway survey to stand at 670 to 685 
feet A. T. Russell station, near the State line, is 673 feet. 

The plain between the Middle and East ridges rises from 630 
feet opposite Winnetka to about 670 feet at the point where the 
ridges unite, 20 miles north from Winnetka. 

Thickness of Drift. — On this plain there is much difference in 
the thickness of the drift and since the surface, aside from the till 
ridges just described, and the low beach lines, has very little varia- 
tion in altitude, the difference in depth is due almost entirely to the 
variation in surface of the underlying rock strata. Within the city of 
Chicago, where the surface is especially flat, several rocky 
prominences come to the surface, or are concealed but slightly by 
drift, while among them the drift accumulations extend to depths of 
100 to 125 feet or more (1). 

Mr. Samuel G. Artingstall, while City Engineer, prepared a 
map of the city giving the distance to rock at many places. This 
indicates that a filled valley with rock floor 100 to 125 feet below 
lake level passes through the north central part of the city, enter- 
ing the lake south of Lincoln Park. 

West from the city the rock rises over quite extensive areas 
very nearly to the surface of the plain, or to a height of 30 to 60 
feet above the level of Lake Michigan. On the border of the Chi- 
cago outlet there is a nearly continuous exposure of rock from 
near Summit to the head of the Illinois. 

In the northern portion of the district, between as well as be- 
neath the till ridges, the rock surface has an average altitude 
slightly lower than in the low plain in the vicinity of Chicago, for 
the majority of the wells go about 50 feet below the level of Lake 
Michigan before entering rock. It is estimated that the thickness of 
drift in this northern portion will average nearly 150 feet, while in 
the low plain the average will scarcely exceed 5o feet. 

Structure of Drift. — The drift beneath this plain, like that 
of the moraine, consists largely of a soft blue till beneath which 
are remnants of a hard till of earlier age. The tills appear to be of 

[I] A large amount of material has been collected by the Geological and 
Natural History Board of The Chicago Academy of Sciences, with a view to 
preparing a topographic map of the rock surface underlying the city and border 
tracts, and which is designed to be published as a bulletin of the Academy. 
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direct glacial deposition even in portions of the plain which lie 
within the limits of the beaches. The clayey matrix of the soft till 
is scarcely so thickly set with stones as that Of the underlying 
hard till. In both tills many of the stones are glaciated. The rocky 
constituents grade from bowlders two to three feet or more in 
diameter down to minute pebbles. These in the upper or later till 
are made up in large part from the local Upper Silurian rocks, 
probably less than 10 per cent, being from the pre-Cambrian Cana- 
dian rocks. Devonian rocks from ledges to the north of Chicago 
are sparingly represented. The clayey matrix is highly calcareous 
and under the microscope it is found that angular or but slightly 
rounded grains of limestone constitute a large proportion of the 
fine material. With the minute limestone fragments, there appear 
quartz grains, bits of shale and fragments from crystalline rocks of 
various kinds. Whether the rock constituents of the lower till 
differ markedly from the upper has not been ascertained. Its sit- 
uation immediately upon the Niagara limestone would in all prob- 
ability result in the incorporation of an even larger proportion of 
this rock than appears in the upper till. 

One of the most conspicuous instances of the occurrence of 
the lower till within the Chicago area is that brought to light in the 
excavation of the Chicago Drainage Canal. Immediately east from 
Summit the canal for a mile or so extends a few feet into a very 
hard, partially cemented till apparently of early glacial age. Its 
hardness compared with that of the overlying till is so marked that 
the contractors who engaged to excavate this part of the channel 
were obliged to abandon the steam shovel which had been used in 
the soft till and resort to blasting. It is probable that this old drift 
fills depressions in the rock quite extensively in this district, but 
as no special attention has been given its identification the 
instances recorded are not numerous. The well drillers usually 
recognize the hard till and apply to it the term hardpan, while the 
soft till is called clay. 

Although the great body of the drift is till, there are found 
numerous thin beds of sand or gravel in which water collects in 
sufficient quantity to supply the wells. There are also small 
pockets of dry sand or gravel occupying but a few cubic feet 
each. Such pockets were found in the excavation of the main lake 
tunnel for water supply. They were in some cases completely 
inclosed by till. 

On the surface of the plain both above and below the level 
of the upper beach there is quite generally present a clay, varying 
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in thickness from a few inches up to several feet, in which pebbles 
are far less numerous than in the till. It however carries occa- 
sional bowlders. This deposit seems attributable to the combined 
agency of water and ice. It was probably a deposit made in a body 
of water held between the ice front and the Valparaiso moraine 
while the ice sheet was still in the immediate neighborhood of the 
moraine. 

In the district within the limits of the upper beach there are 
deposits of sand and gravel marking the shore lines of the lake. 
These deposits form a less regular coating than the clay just men- 
tioned. Over much of the plain the deposition was so light as to 
leave scarcely a trace of sand in the soil, but in places the deposits 
cover the till of the old lake bottom to a depth of 20 to 25 feet. 
The heavy deposits are found chiefly along the present lake border 
from Evanston southward, where there is a continuous belt of sand 
ranging in width from one-half mile to three or four miles, and 
having an average depth of not less than 10 feet. The southwest- 
ward lake outlet appears to have carried away much of the sand 
which was brought into the southern end of the lake while that 
outlet was open. 

The depth of leaching and oxidation is markedly less on the 
plain covered by the lake than on the till ridges or the Valparaiso 
moraine. Numerous tests with hydrochloric acid show the leach- 
ing on the plain to extend only to a depth of a few inches, seldom 
more than two feet, while on the ridges it is rare to obtain a re- 
sponse at less than five Or six feet from the surface. On the plain 
the surface oxidation of the till is only two to six feet, while on 
the ridge it is six to ten feet or more. This difference in the 
amount of oxidation and leaching is probably attributable in part 
to the flatness of the plain and in part to the later date at which 
the plain was exposed to atmospheric action. 

There have been several deep lines of excavation made in 
Chicago and vicinity which have afforded excellent oportunities 
for studying the structure of the drift. The longest line is the 
drainage canal, now under construction, which opens a channel 25 
to 40 feet in depth from the Chicago River at Bridgeport to the 
Des Plaines River at Summit, that is entirely in drift. Along the 
Des Plaines also the excavation is largely in drift to the vicinity of 
Lemont, where the canal becomes a rock channel. From 
Bridgeport to Summit there is little besides till, but from Summit 
to Lemont gravel, sand and the coarser material deposited along 
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the line of the old outlet form a large part of the section. (See Figs. 1 and 2.) 

In the FuUerton avenue conduit which leads eastward into the lake 
through the north part of Chicago the drift is mainly till, but the surface 
sand is a conspicuous deposit. From its western end to within 2,000 feet 
of the lake the rock surface is found at a depth of 43 to 54 feet. Within 
100 feet east from this point it drops down to 80 feet, passes below the 
conduit, and does not appear further east. The sand has its greatest 
thickness at about 1,700 feet from the lake, where it reaches 25 feet. It 
decreases westward to 17 feet at 2,100 feet from the lake, and to 12 feet 
at 6,000 feet, and entirely disappears before reaching the Chicago River 
valley. Toward the lake shore also it decreases, being about 18 feet in 
depth for 1,400 feet west from the shore. At the water's edge the depth 
is but 10 feet. The profile continues out 1,100 feet below the lake, and 
there is but three feet of sand at its terminus. 

The profile of the lake tunnel shows the rock to be at a depth of 
37 feet at the working shaft four miles inland. Eastward from here the 
distance to rock gradually increases to a point about two and four- 
tenths miles from the lake shore, being between 50 and 60 feet at that 
point. It there drops down rapidly to a level nearly 90 feet below the 
surface, and is not encountered farther east. For two miles out 
beneath the lake the excavation reaches 60 feet or more below the 
lake bottom. The tunnel was through till its entire length. It shows, as 
noted above, pockets of sand inclosed in the till. The surface sand, as 
in the Fullerton avenue conduit, is of considerable depth. 

In Hyde Park Township in the south part of Chicago numerous 
borings and excavations show the sand deposits to be from five feet 
up to about 20 feet in depth. Except where the rock comes near the 
surface till is found to underly the sand. 
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STRIAE. 

Exposures of striae are numerous and indicate that the axial 
movement of the ice sheet in this district was decidedly west of 
south rather than due south. This should be borne in mind in 
estimating the amount of divergence in the lateral flowage. The 
striae in this region are remarkably well preserved, and that, too, 
where conditions for obliteration seem favorable. In some places 
there appears to have been no drift protecting the ledges since the 
withdrawal of the lake, if not since the time when the ice sheet 
withdrew, and yet but few exposures do not preserve the striae. In 
similarly exposed situations outside the Valparaiso moraine striae 
are seldom preserved. This difference may be due partly to the 
greater age of the striae outside the moraine. But aside from this 
there appears to have been an original difference in the intensity of 
glaciation by which ledges more often escaped the rasping action of 
the ice sheet outside the moraine than in the district between the 
moraine and the lake. 

The following embrace the localities where bearings were observed: 

1. Stony Island in south part of Chicago. The rock where 
glaciation was observed dips toward the southeast, with an angle of 
nearly 40 degrees, and heavy scorings follow the line of strike, with a 
bearing S. 44 degrees W. (See Fig. 5.) Associated with these are 
striae of feebler development, which vary in direction fully 10 
degrees to the east and west of the heavy scorings, thus ranging from 
S. 34 degrees to S. 54 degrees W. An escarpment of the dipping 
layers rising about six feet above the remainder of the quarry is 
glaciated not only on the upper surface and nearly vertical front, but 
also beneath one of the lower layers, its dipping under surface being 
smoothly polished for about 18 inches back from the front of the 
ledge. (See Fig. 4, where the glaciated under surface appears near the 
sachel.) 

2. On Thorn Creek near Thornton. The prominent portions of arching 
layers of the Niagara limestone are roche moutonneed and a few striae 
have a bearing S. 31 degrees W. 

3. Quarries one mile southwest of Blue Island. A few faint striae were 
observed bearing S. 54 degrees W. 
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4. On west side of Des Plaines River, one-fourth mile north of 
Santa Fe Railway bridge. An area of several square rods of 
limestone surface is heavily glaciated. Grooves one-half inch in 
width are common and there are a few fully two inches in width. 
Fine lines are numerous. The bearing corrected for magnetic 
variation is very nearly due west, the magnetic bearing being 3 to 4 
degrees south of west. This striated surface slopes perceptibly 
toward the southeast, there being a descent of 2 to 3 feet in as 
many rods. The glaciation was therefore made on an ascending 
surface. 

5. Immediately west of Summit on the west side of the Des 
Plaines. The striae here observed are faint lines bearing S. 38 degrees 
W. 

6. Between Willow Springs and Sag bridge, in the bed of the 
Drainage Canal. The striae here observed consist of faint lines 
bearing S. 23 degrees W. They appear over a space of several 
square yards. (See Fig. 6.) 

7. At Lemont, about 500 feet from the Santa Fe Railway bridge. 
Mr. Ossian Guthrie reports that heavy grooves have a bearing about 
S. 60 degrees W. They were exposed in the excavation for the 
diversion channel for the Des Plaines. A view of these grooves is 
given in Fig. 7, but the present writer thinks they may be the product 
of the waters of the Chicago outlet rather than glacial striae. 

8. Lyons, quarry in south part of village. Nearly all the striae 
bear S. 70 degrees to 75 degrees W., but scattering striae range from 
S. 44 degrees to S. 71 degrees 30 minutes W. 

9. La Grange quarry. Scattering striae on 4 planed surface. Bearing 
S. 58 degrees 30 minutes W. 

10. Hawthorne quarry. There are here two sets, each quite 
heavy scorings. The earlier set follow approximately the line of 
strike of the dipping layers, bearing S. 64 degrees to 68 degrees W. 
The later set cross the upturned edges of the layers at a small angle, 
bearing S. 52 degrees to 54 degrees W. 

11. Quarry at crossing of Chicago avenue and Western avenue, 
Chicago. A few faint striae preserved have a bearing S. 72 degrees W. 

12. Excavation for Fullerton avenue conduit in north part of 
Chicago. Bearing S. 60 degrees W. (recorded in profile of conduit). 
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13. On Eighteenth and Robey streets, Chicago. The surface 
of arching layers is roche moutonneed. The prominent portions of 
the surface are striated, the bearing of the striae ranging from S. 
52 degrees to S. 57 degrees W. 

14. Covel's quarry near Elmhurst, Sec. 17, Tp. 39, R. 12 E. 
The surface is planed quite extensively and covered with a 
multitude of striae, bearing S. 63 degrees W. 

15. Joliet, bearing 20 degrees north of west. An exposure of 
striae with this remarkable bearing was found on ledges in the 
Des Plaines valley, a short distance southeast of the State Peni- 
tentiary. The ledges stand 10 to 20 feet above the valley bottom 
and several striated surfaces were found, with small grooves, as 
well as fine striae. 

16. Du Page bluff, near C, R. I. & P. Railway bridge, east 
of Minooka. Prof. J. A. Udden reports an observation of heavy 
glaciation, with grooves bearing about southwest. 

17. Near Wilton, quarries are opened, which expose surfaces 
heavily glaciated with grooves bearing about S. 40 degrees W. 
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THE CHICAGO OUTLET AND BEACHES 
OF LAKE CHICAGO. 

PREVIOUS WRITERS. 

It is perhaps impossible to determine who was the first person 
to recognize the evidence or form the conception of a southwest- 
ward outlet from Lake Michigan to the Des Plaines. Inquiry among 
the old residents of this region shows that many of them 
recognized the beaches as products of the lake, and they also noted 
that the lake once discharged into the Des Plaines Valley. 
Evidently these conceptions were entertained for many years 
before any notice appeared in scientific publications. 

Bannister. — Probably the earliest scientific account of the outlet is 
that given by Dr. H. M. Bannister in the Geology of Cook County, 
published in 1868, as a part of the Geology of Illinois. However, a 
report upon the survey of the Illinois River, by Col. James H. 
Wilson and William Gooding, was published the same year in the 
report of the U. S. Army Engineers, which makes reference to the 
former southwestward discharge of Lake Michigan. Dr. Bannister 
opens his discussion of the old lake outlet and the raised beaches with the 
following statement: 

"It is evident with a very little observation that at a compara- 
tively recent period, subsequent to the Glacial epoch, a considera- 
ble portion of Cook County was under the waters of Lake Michi- 
gan, which at that time found an outlet into the Mississippi Valley 
through the present channel of the Des Plaines." 

Dr. Bannister apparently makes no claim to discovery, as is 
natural, in view of the fact that the outlet had been recognized as such by 
residents for many years. 

Andrews. — One of the early publications of this Academy 

presents a discussion of the beaches prepared by Dr. Edmund 

Andrews, a publication which has attracted wide notice (1.) This 

paper, however, deals mainly with the work of the lake at its 

present stage. The ancient beaches are briefly discussed, but the 

outlet is not described. A map accompanying the paper shows the 

extent of the old lake beyond its present limit from the southern 

end northward some distance into Wisconsin and Michigan. 

[1] The North American Lakes Considered as Chronometers of Postglacial 
Time, by Dr. Edmund Andrews, Trans, of Chicago Academy of Sciences. Vol 
II, 1870. Article 1, pp. 1-24. 
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Chamberlin. — Prof. T. C. Chamberlin has presented a brief 

discussion of the beaches along the Wisconsin shore of Lake 
Michigan in the Geology of Wisconsin (1), which includes many 
important data concerning the shore phenomena and an 
interpretation of the lake history. In the twenty years which have 
elapsed since this report was published, the studies of the shores 
of the Great Lakes have brought out a more complex history than 
had been anticipated, hence the interpretation does not fully meet 
the case, though it recognizes important fluctuations of lake level. 

Leverett. — Although there have been frequent references to 
the southwestward outlet and the ancient beaches, in geological 
literature, within the past 20 years, no publication especially de- 
voted to them appeared until 1888, when a paper was published by 
the present writer in the Transactions of the Wisconsin Academy of 
Sciences, entitled "Raised Beaches at the Head of Lake Michigan" 
(2). This paper gives a somewhat detailed account of each of the 
several beaches found south of latitude 42 degrees 30 minutes, the 
latitude of the line of Wisconsin and Illinois. It contains but a brief 
reference to the outlet. 

Cooley. — Prof. L. E. Cooley, consulting engineer of the 
Chicago Drainage Commission, has published two papers which 
deal to some extent with the Chicago outlet (3). The first paper 
discusses the outlet as a means for improving the sanitary condi- 
tions at Chicago. The second paper deals with it as an important 
line for navigation and discusses the proper means for obtaining 
the best results. This paper contains a large amount of valuable 
data concerning the regimen of the Illinois and Des Plaines Rivers. 

Marshall. — The Report of the U. S. Army Engineers for 1890 
contains much material collected by Capt. W. L. Marshall con- 
cerning the Chicago outlet as a channel for navigation; also refer" 
ences to earlier work by that organization. 

Taylor. — Mr. F. B. Taylor has published, in the American 
Geologist, observations on high beaches in the northern portion 
of the basin of Lake Michigan. These beaches he thinks pass be- 
neath the present lake level before reaching the southern end of 
the basin (4). This being the case they have no connection with 
the outlet under discussion. 

[1] Geology of Wisconsin. Vol. 2, 1877, pp. 219-233. 

[2] Trans. Wis. Acad, of Sciences. Vol. VIl,1883-87, pp. 177-192. Published in 1888 
[3] Water Supplies of Illinois in relation to Health. Report of State Board of 
Health, 1889. 

Lake and Gulf Waterway. Private publication, 1890. 
[4] American Geologist. Vol. XIII, May, 1894. 
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Davis. — Professor W. M. Davis has published a description 
of the Chicago outlet in the Popular Science Monthly (2). His 
paper was based upon a personal inspection of the channel with 
the topographic maps in hand, and is a remarkably clear 
discussion of the features. 

Guthrie. — Mr. Ossian Guthrie, of Chicago, has contributed several 
newspaper articles and has published two or more pamphlets 
within the past few years which contain popular accounts of local 
features in the region under discussion and which have served to 
stimulate interest in its geological history. Having been a resident 
of the city for about 50 years and an enthusiastic student of natural 
features he is in possession of a fund of information which it is to 
be hoped will be placed on record in suitable form for reference. 

THE CHICAGO OUTLET. 

The name "Chicago Outlet" has come into use by geologists 
and engineers without announcement or conference among 
writers, to designate the line of southwestward discharge from the 
basin of Lake Michigan across the low divides near Chicago and 
thence down the Des Plaines and Illinois to the Mississippi. It 
may appropriately embrace both the points of discharge from the 
lake to the Des Plaines, namely, the one entering at Summit and 
the one at Sag Bridge. 

When the lake was occupying the highest beach the north or 
main outlet was entered about three miles southwest of Summit; 
when occupying the second beach the outlet was entered at 
Summit; when occupying the third beach the point of entrance 
appears to have been transferred eastward nearly to the present 
shore of Lake Michigan, as explained below. Similarly the 
southern outlet was lengthened eastward with the lowering of the 
lake. The point of entrance at the time of the highest beach being 
about five miles east of Sag Bridge, at the time of the second beach 
near Blue Island, and at the time of the third beach at Riverdale. 
This relationship of the several beaches to the outlets and the 
eastward lengthening of the outlets may be readily understood by a 
glance at the accompanying map. (Plate 3.) 

There have been several surveys which have contributed con- 
tour maps of portions of the Chicago outlet and the plain covered 
by the lake in the vicinity of Chicago. The Chicago Drainage Com- 
mission have prepared an excellent map with five-foot contours 

[2] The Ancient Outlet of Michigan, by Prof. W. M. Davis. Popular Science Monthly, 
December, 1894, pp. 218-229. 
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which covers nearly all of Cook County and the immediate 
borders of the Chicago outlet along the Des Plaines River. This 
map has not been published, being merely a study map. The 
topographic work carried on by the U. S. Geological Survey in 
this region is largely published. The peculiar features of the 
upper portion of the outlet are brought out in an effective manner 
by the following sheets, viz: The Chicago, Riverside, Calumet, 
Des Plaines, Joliet, Wilmington, Morris, Ottawa, Marseilles, La 
Salle, Hennepin and Lacon sheets. These sheets cover something 
over 100 miles of the former lake outlet or nearly one-third the 
distance from the head of the outlet to the Mississippi. The 
remainder of the outlet is shown in Professor Rolfe's map sheets, 
yet unpublished. The reduced contour map (Plate 2) 
accompanying this paper is based upon these several surveys. It 
serves to indicate the comparative size of the valleys occupied by 
the outlet and of the main tributaries of the Illinois. But to fully 
appreciate the features produced by the outlet, reference should 
be made to the large scale maps just mentioned. 

In the interpretation of these features from the maps, care must 
be exercised in determining the condition of the valley at the time 
the outlet first became operative. The portion of the Illinois below 
Hennepin, it will be observed, is a preglacial valley, which is only 
partially filled by the glacial deposits. This filling is preserved in 
terraces along the borders of the valley. The glacial terraces sel- 
dom rise to a height of more than 100 feet, and in the lower 100 
miles their average height scarcely exceeds 50 feet above the 
present stream. In the portion of the valley above Hennepin the 
stream is mainly in a glacial or postglacial course, or the two com- 
bined, but even here there are complications which make it no easy 
matter to determine the amount of erosion attributable to the outlet. 
Before the accession of the lake waters this valley was the line of 
discharge for streams issuing from the ice sheet, as possibly of 
interglacial streams, some evidence of which has been gathered by 
Professor Chamberlin. Although the streams were generally so 
heavily charged with detritus as to build up rather than erode 
their beds for some distance below the point of emergence from 
the ice sheet, it seems scarcely probable that filling would have 
exceeded erosion throughout the entire length of the Des Plaines 
and Illinois Valleys. The basin at the head of the Illinois, as 
noted above, was apparently occupied by a lake at the Valparaiso 
stage of glaciation and this would have received the greater part 
of the detritus borne down by the glacial floods on the Des 
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Plaines and other tributaries entering the basin farther east, thus 
permitting the water to issue at the western end of the basin, un- 
burdened with glacial material. The stream discharging westward 
from this basin would therefore have a tendency to deepen the new 
valley opened across the Marseilles moraine, and in all probability 
would have extended its excavation at least through the new portion 
of the valley to Hennepin, there being in that section a gradient of 
several inches per mile and possibly at first a gradient of several 
feet. It seems not improbable, also, that some excavation was 
accomplished by the glacial floods in their passage over the terraces 
in the lower portion of the Illinois Valley, the advantages for 
erosion being as good for these floods as for the later ones fed by 
Lake Chicago. 

It is also necessary to estimate the amount of filling which the 
lower course of the outlet has received since the lake waters were 
withdrawn. Concerning this filling. Prof. L. E. Cooley has made 
some investigation and concludes that it will average about 30 feet 
from Peru to the mouth of the Illinois. (1.) 

In the Des Plaines Valley the erosion of the Valparaiso 
moraine and of the terraces outside of it was probably very largely 
effected by the lake waters. An examination of this portion of the 
outlet will therefore be likely to afford a fair understanding of the 
size of the channel which it formed. 

Turning to the topographic maps, it appears that the bed of 
the lake outlet declines from about 590 feet A. T. at Lemont, in 
the midst of the Valparaiso moraine, to scarcely 500 feet at the 
head of the Illinois, or 90 feet in a distance of 25 miles. Of this 
fall 76 feet is made in a little less than ten miles from Romeo to 
Joliet pool. The glacial terraces which border the outlet decline 
from about 630 feet to 570 feet between Lemont and the head of 
the Illinois. This deepening of the channel is shown by the maps to 
be somewhat irregular, ranging from 40 feet to about 70 feet, but 
an average erosion of 50 feet may be assumed. This deepening 
embraces not only the work at the time the upper beach was 
forming, but also that carried on during the formation of the 
middle and third beaches, or down to the time of the final 
abandonment of the lake outlet. The channel above Joliet has a 
breadth of one to one and a half miles, averaging perhaps one and 
a quarter miles. Between Joliet and the head of the Illinois several 
island-like remnants of the glacial terraces remain in the midst of 
the channel, making it more difficult to estimate the breadth, but it is 



[1] Communicated to the writer. 
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not markedly greater than in the portion above Joliet. The por- 
tion above Joliet is cut to a slight depth into the Niagara 
limestone, which there underlies the glacial gravel. The 
excavation in limestone, however, amounts to not more than one- 
fourth the size of the channel, for the limestone seldom rises 
more than 40 feet above the bed of the lake outlet and in many 
places its surface comes down nearly to the level of the valley 
floor. Below Joliet there was even less excavation in the rock 
than above. It is estimated that the rock excavation here does not 
exceed ten per cent, of the total cutting. 

In the low tract at the head of the Illinois (the Morris basin) 
the depth of excavation by the outlet is very slight, averaging 
probably less than 20 feet in the ten miles between the head of 
the Illinois and Morris. The plain appears to have descended 
nearly to the 520-foot contour on the borders of the river before 
modified at all by lake or stream action. A low bluff formed on 
the north border of the basin has a height of 15 to 20 feet. On the 
south border there is no bluff, that side of the basin being heavily 
coated with sand deposits. These deposits may perhaps have been 
laid down in part at the time the lake waters were forming the 
outlet, but they are probably largely of earlier date. In this basin 
the lake outlet had an average width of four or five miles. 

In the section of the Illinois, immediately below (west from) 
this basin, erosion, prior to the opening of the Chicago outlet, may 
have brought the level of the valley bottom down to that of the 
upper beach line of the basin, 550 to 560 feet above tide. The bed 
of the Chicago outlet is nearly 500 feet, thus leaving about 60 feet 
depth of erosion. Passing westward the broad bed of the Chicago 
outlet declines nearly 60 feet in the forty miles between the west 
border of the basin, just mentioned, and the bend of the Illinois 
near Hennepin. Whether the valley had the same gradient at the 
time the accession of lake waters occurred is not known, but it 
could not have been greatly different, for the glacial terrace just 
above Hennepin stands about 30 feet lower than the beach lines of 
the Morris basin, and this terrace was, in all probability, eroded the 
remaining 30 to 40 feet necessary to give a similar gradient. 

The width of the outlet between Morris and Hennepin aver- 
ages about IY2 miles. The excavation is largely in a soft sandstone, 
there being nearly continuous rock bluffs to a height of 60 to 75 
feet above the level of the bed of the outlet. This sandstone 
presents much less resistance to stream action than the firm 
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Niagara limestone. Its resistance, therefore, may not be markedly greater 
than that of the beds of glacial drift. 

As noted above, the level at which excavation by lake waters 
began in the section below the great bend of the Illinois, is less than 
100 feet above the present stream, since the glacial terraces in which 
the lake outlet was excavated seldom reach a level 100 feet above the 
bed of the outlet, while below the mouth of the Sangamon they rise 
scarcely 50 feet above that level. If the 30 feet of filling estimated by 
Prof. Cooley be added it seems a liberal estimate to allow 75 feet of 
average excavation in this lower section of 200 miles. It may not have 
been more than two-thirds that amount. The width of the outlet in this 
lower section ranges from two up to about five miles, with an average 
of perhaps three miles. This excavation is in a loose, easily eroded bed 
of sand and fine gravel, which had been deposited largely by glacial 
streams. 

Summing up the above estimates, it appears that the outlet has a 
width ranging from one mile up to about five miles, and a depth 
ranging from 20 feet up to 70 feet. Its length from Summit to the 
mouth of the Illinois is 300 miles. The excavation is probably not 
less than three cubic miles. With the exception of about fifteen miles 
between Lemont and Joliet and forty miles between Morris and Peru, 
where rock strata have been eroded, the excavation is almost entirely 
in beds of drift. The width varies with the resistance to erosion, being 
least in the section where the Niagara limestone was eroded and 
greatest where there were only drift beds to remove, while in the 
sandstone the channel is of intermediate breadth. The breadth is also 
to some degree dependent upon the slope of the bed, being narrower 
in the portions, with rapid fall, than in portions having a low rate of 
descent. 

Throughout the entire length of the outlet the bluffs are steep, like 
a river bank, and deposits made by side streams On the edge of the 
valley are very meager, a feature which indicates that the stream had 
great volume, probably filling the channel from bluff to bluff, and a 
current sufficiently strong to carry away nearly all the detritus brought 
into it by the side streams. 

The rapids between Romeo and Joliet occur in a section where 
the limestone is friable, and it is thought by Professor Cooley that 
the friability is such that falls could not have been maintained, or 
even established. The removal of this, the main barrier in the 
course of the outlet, it is estimated, would require the excavation 
of a channel in rock only about 20 miles in length and 25 to 75 feet 
in depth. Of this excavation scarcely one-tenth part was accom- 
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pushed by the lake outlet. Being the outlet from a lake, however, 
its waters probably carried but little sediment in this portion, a 
feature which should be weighed in discussing the slight amount 
of excavation. Whether a stream of nearly clear water could have 
accomplished the slight excavation here displayed in the course of 
a few thousand years remains to be determined. 

Turning to Niagara River, where the work accomplished in a 
few thousand years by a clear stream is open to investigation, it is 
found that the recession of the Horseshoe Fall is due almost 
wholly to undermining, and that the American Fall, in which 
there is little undermining, is nearly stationary. The cutting on 
the rapids above the Falls is also very slow and amounts to but a 
few feet in average depth. 

Professor Cooley has called my attention to the deposits at 
the head of Lake St. Clair as likely to furnish an index of the 
amount of sediment transported by the Chicago outlet. A delta, 
with an area of several square miles, has been built in the head of 
Lake St. Clair, which must have derived the bulk of its material 
from southward moving littoral currents along both the borders of 
Lake Huron. In the lake under discussion littoral currents along 
the west border would have transported material probably in as 
great volume as on either shore of Lake Huron, but those on the 
east and south may have contributed less, for wind drifting there 
is very effective. It seems legitimate to assume that at least half 
as much sediment was being transported down the Chicago outlet 
as is carried by the St. Clair River. The waters of the Chicago 
outlet would be probably more turbid than the Niagara and less 
turbid than the St. Clair. Prof. Cooley thinks the contributions of 
sediment to the outlet through the Des Plaines were of little 
consequence, for this river has, since the lake waters were 
withdrawn, made scarcely any filling of the outlet below River- 
side, where its delta would naturally accumulate. The accession 
of larger tributaries below may have rendered the stream slightly 
more turbid than on the rapids, and the rate of rock excavation 
would have been correspondingly accelerated. 

It should not be inferred that this outlet is entirely free from 
river debris. Beginning at the upper beach, near Summit, there is 
for several miles a mass of coarse material, largely limestone 
blocks, too large to have been transported by the current, covering 
the bed of the outlet. The Drainage Canal exposes excellent sec- 
tions of the coarse river debris from Summit to Lemont, there 
being only limited areas in this interval, where the solid rock comes 
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to the surface. (See Figs, and 2.) Below Lemont the bare rock 
forms much of the floor as far as Joliet. From Joliet to the head of 
the Illinois perhaps half the floor is covered with deposits of drift 
and river debris, so that the distance to rock is not known. The 
remainder is either bare rock or rock with a very thin deposit of 
coarse river debris, with a liberal supply of bowlders of Canadian 
derivation. In the Morris basin the rock is largely shale. This has 
been eroded in places by the current and the hollows filled with 
sand and gravel. From the Morris basin to the bend of the Illinois 
the rock floor, mainly sandstone, is generally swept clean. The 
St. Peter sandstone of this section is of such a texture as to break 
up rapidly into its constituent grains and these, as fast as they 
were set free, would have been carried by the strong current down 
to the lower Illinois, and probably on into the Mississippi. The 
Lower Illinois has only sand and silt in its bottoms. This section 
is now in process of silting up, the current being too sluggish to 
carry away the material brought in from the upper portion of the 
stream. 

In connection with the river debris should be mentioned 
accumulations of bowlders. The most conspicuous accumulation 
noted is that on the borders of the Sag outlet, just east of the point 
where it enters the moraine and northeast of the village of Worth. 
An area of perhaps a square mile is so thickly strewn that one 
might almost step from stone to stone over its entire extent. There 
are, it is estimated, more than 1,000 bowlders per acre. Surface 
bowlders are not rare in other portions of the old lake bottom, 
where sand deposits are thin or wanting, there being, perhaps, 100 
per square mile on the part of the lake bottom, where till is ex- 
posed. There seems, however, to be a tendency to aggregation at 
the entrance to the old outlets. This feature suggests that floating 
ice has been influential in their distribution, though there may 
have been a large number brought by the ice sheet, the head of the 
outlets being near the inner border of the Valparaiso moraine. 

Some very large bowlders have been found along the Drain- 
age Canal, two of which are shown in the accompanying 
view (Fig. 1). The large ones occur in most abundance where the 
Valparaiso moraine crosses the outlet. Bowlders are very numer- 
ous for a few miles above the junction of the Des Plaines with 
the Kankakee, both in the lake outlet and the districts south. The 
cause for their abundance there is not satisfactorily determined. 
They seldom reach the large size which bowlders in the 
Valparaiso moraine present. 
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THE GLACIAL LAKE CHICAGO. 

During the past ten or twelve years evidence has been gradu- 
ally accumulating which points to the existence of several glacial 
lakes held on the north by the ice sheet and having southward dis- 
charge over the lowest points in the rims of the basins which they 
occupied. The area of these lakes would naturally be variable, 
since a part of the boundary was formed by an oscillating ice 
sheet. The outlets of the lakes would also be liable to change on 
account of the covering of certain low outlets in the early stages 
which were open to discharge in later stages. A change in the 
extent and the outlets of the lakes, it appears, has also been 
produced by a warping of the crust or differential uplift in the 
region they occupy. The complications are therefore great, and as 
yet the full history is not worked out. Enough is known, however, 
to make certain that the general direction of retreat of the ice 
sheet was northeastward. The southern and western portions of the 
Great Lake basins were, therefore, the first to become free from 
ice and occupied by glacial lakes. 

While the ice sheet was covering the present outlets of Lakes 
Superior and Michigan, these lakes had no connection with each 
other, nor with the lakes to the east, and their discharge was south- 
ward or southwestward into the Mississippi, from the present 
heads of these lakes. A small district west of Lake Erie was also 
occupied by a lake that discharged southwestward to the Wabash. 
Upon the withdrawal of the ice sheet from the southern peninsula 
of Michigan and the southern portion of the Lake Huron basin, the 
lake at the western end of Lake Erie became expanded and a line 
of discharge was opened eventually from Saginaw Bay across the 
southern peninsula of Michigan to the Lake Michigan basin, and 
this being lower than the outlet to the Wabash, that outlet was 
abandoned. The waters of the Lake Huron basin being held at a 
somewhat higher level than those of the Lake Michigan basin, the 
flow of water was from the former to the latter. The glacial lake, 
which discharged across the southern peninsula of Michigan 
extended over the district between Lake Huron and Lake Erie, as 
well as the Lake Erie basin and the low district bordering it on the 
south and west. It apparently did not extend far into the Ontario 
basin, as a study of moraines indicates that the ice sheet occupied 
that basin at the time of this discharge. It thus appears that the 
Chicago outlet at one time was the line of discharge for an area 
much larger than the present Lake Michigan basin. 
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When the ice sheet withdrew from the Ontario basin an eastward 
outlet was opened by the Mohawk. The Erie and Huron basins were 
then made tributary to the Mohawk and Hudson, and it is probable 
that they never afterwards discharged into the Lake Michigan basin. 
There are, however, complications not yet fully understood, arising in 
large part from the differential uplifts of the region, which may have 
resulted in a brief flow of the waters westward along the straits of 
Mackinac after the ice had withdrawn from the northern end of the 
Lake Michigan basin. 

The working out of the lake history has also brought evidence 
that the Lake Michigan basin was for a time free from water in its 
southern end far within the limits of the present shore of the lake. 
This low stage of the southern end of the basin, it appears, was due 
not so much to the shrinking of the lake as to lower elevation in the 
northern latitudes, for at that time the lake apparently stood above its 
present level at the north end of the basin. The evidence now at hand 
points to a general northeastward elevatory movement, following 
more or less closely the retreat of the ice sheet. While, therefore, the 
retreat of the ice sheet opened low outlets toward the east and thus 
led to the withdrawal of the water from the southern and western end 
of the lake basins, the succeeding uplift at the northeast, complicated 
by conditions which cannot well be entered into here, raised these 
outlets sufficiently to cause the water to be thrown back and give 
these lakes their present extent. 

The introduction of the name Lake Chicago, for the glacial lake, 
which was held in the southern end of the Lake Michigan basin, 
seems convenient, if not necessary, inasmuch as its area was not 
coincident with that of Lake Michigan, and its outlet was in the 
reverse direction. It is also in keeping with the custom of students of 
glacial lakes, who find it advantageous to have a special name for 
each of the temporary bodies of water in the several basins. The name. 
Lake Chicago, seems especially pertinent, since the glacial lake 
extended about as far beyond the present limits of Lake Michigan, in 
the vicinity of Chicago, as at any part of its border. It is also a name 
which readily suggests the position of the lake, and it is in keeping 
with the name which has come into use for the outlet, namely, the 
Chicago outlet. 

The name Lake Chicago is applied provisionally to all the 
stages at which there was a southwestward outlet, but it is not yet 
certain whether they were all formed during the occupancy of a 
portion of the Lake Michigan basin by the ice sheet. This question 
is discussed at some length further on. 
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The Study of the beaches of this glacial lake is not sufficiently 
complete for me to indicate its precise relations to, or points of 
connection with, the ice sheet. My study has been carried no farther 
north than to the line of Illinois and Wisconsin on the west side and 
to a corresponding latitude on the east side of the lake. Prof. 
Chamberlin's studies left the precise extent of the higher beaches 
undetermined. Mr. Taylor's observations have been confined to the 
northern portion of the basin, and as yet no one has examined the 
intervening district, with a view to determining the limits of this 
glacial lake. Probably the most favorable field for investigation 
will be found on the Wisconsin side, since the extensive deposits of 
wind-drifted sand on the border of the lake in Michigan make it 
difficult to determine the extent of water action. The long stretches 
of high bluff, however, interrupt the beaches so greatly that some 
difficulty is anticipated in making precise correlations on the 
Wisconsin side. 

The Upper or Glenwood Beach. — This beach receives its 
name from the village of Glenwood, on the Chicago and Eastern 
Illinois Railroad, a few miles south of the limits of Chicago. The 
name has been selected (1) because the beach is especially well 
developed at that village and (2) because, being near the State line 
of Indiana and Illinois, the name will be familiar to residents of 
either State. 

In the Illinois portion of Lake Chicago this beach is present, 
except for a few miles between Waukegan and Winnetka, where the 
lake shore is now farther west than it was at the time this beach was 
formed. In Indiana the beach is present throughout the entire extent 
of the border of Lake Chicago in that State, being nowhere less 
than two and in places twelve miles back from the shore. In 
Michigan it is absent for a short distance at the "clay banks," north 
of New Buffalo, where the present shore stands farther east than the 
shore of Lake Chicago. It is also absent for the same reason for a 
few miles near the line of Berrien and Van Buren Counties, north of 
St. Joseph, Michigan. Tracing in detail the course of this beach is 
as follows: 

From the Wisconsin line southward to South Waukegan, 
it stands only one to two miles back from the shore of Lake 
Michigan, and comes out to that shore at the point where the 
bluff of till sets in south of Waukegan. This bluff of till 
stands above the lake level as far south as Winnetka. From 
Winnetka a cut terrace, nearly 20 feet in height, extends 
south along the face of the east till ridge, noted above, to its ter- 
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minus, perhaps one mile from the point where the terrace departs 
from the present shore of the lake. From the terminus of this ridge a 
bar was built out southwestward five or six miles, terminating 
about a mile east of Chicago River, in the western part of T. 41, R. 
13, E. The bar sends out two prominent spurs to the west, a distance 
of nearly one mile. These probably mark the termini in its earlier 
stages. The average width of this bar is about one-fourth mile, and 
it was built up to a height of 10 to 20 feet above the bay back of it. 
It consists largely of gravel, but has a liberal admixture of sand. 
The bay back of this bar extended to the valley of the Chicago 
River and had a width of two to three miles. The northern end finds 
a narrow extension northward, in Skokie marsh. The site of this old 
bay is now largely under cultivation, though some portions are still 
marshy. 

The question naturally arises whether this accumulation of 
gravel and sand was formed by the lake currents and waves, inde- 
pendent of the Chicago River, or was largely formed as a delta from 
that stream. This deposit is not in the form of a delta built up at the 
debouchure of the river into the lake, but lies some distance to the 
east of the river valley. Moreover, to make it still more evident that it 
was the lake and not the river which contributed the great bulk of 
the beach deposit, it is found that the river valley above the point 
where it entered the old lake has very little assorted material, such as 
would accumulate above a delta. 

The beach appears on the west side of the Chicago River, Sec. 
19, T. 41, R. 13 E., about a mile northwest from the terminus of the 
bar. From this point southward to Oak Park the shore is usually a 
cut terrace (see Fig. 8), with a bank ranging from 6 to 25 feet in 
height, with occasional deposits of beach gravel and sand along its 
front. At Oak Park there is an extension of gravel down the east 
side of the Des Plaines River similar to that of the bar east of the 
Chicago River, noted above. A ridge or bar 20 to 40 rods in width 
and 10 feet or more in height extends from Oak Park south about 
two miles to the south part of Sees. 13 and 14, T. 39, R. 12 E., and 
there terminates abruptly with a level nearly 20 feet above the plain 
on its immediate borders. 

Passing to the west side of the Des Plaines River, the 
beach appears about a mile above the southern end of the bar 
just described and passes in a curving course westward 
through the south edge of Maywood, in Sees. 14, 22, and 16, 
T. 39, R. 12 E. This portion of the beach is only two to 
four feet in height, and at the west it fades out completely. 
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Its faintness in this district is probably due, in part, at least, to the 
protection from wave action occasioned by the bar just described. 
Upon passing south and crossing Salt Creek, about a mile from 
the point where the beach fades out, it reappears as a well-defined 
ridge, composed of sand and gravel, rising from 10 to 12 feet 
above the border of the plain on the east, and having a breadth of 
30 to 40 rods. Following this beach southward, it changes in about 
a mile to a cut terrace, which is well defined from that point 
southward to the lake outlet, a short distance south of LaGrange. 
Its course is through the eastern part of the city of LaGrange, 
where it is in the form of a cut terrace, with bank 10 to 15 feet in 
height. 

Passing to the west side of the outlet, near Willow Springs, 
the shore line is found as a cut terrace along the east face of the 
prominent morainic tract which occupies the interval between the 
two outlets of the lake. Though mainly a cut terrace the moraine 
is flanked occasionally by deposits of gravel and sand. 

South from the southern, or Sag, outlet the shore is carved on 
the inner face of the Valparaiso moraine with banks 5 to 20 feet, or 
more, in height, but with only occasional deposits of gravel and 
sand. Upon approaching the State line, however, near Glenwood, 
the shore bears away from the moraine and deposits of gravel and 
sand are built up to a height of 6 to 12 feet or more. These are 
sometimes in the form of a single ridge, but not infrequently a 
series of parallel ridges occur, separated by narrow sags. 

The effect of the waves at this lake stage is discernible on the 
borders of Blue Island till ridge, though the western border is 
characterized by dunes which conceal to some extent the action of 
the lake. 

Upon passing into Indiana the beach soon becomes sandy, 
like the shore of the present lake, and dunes with an elevation of 
10 to 25 feet are formed throughout much of the course in that 
State. These dunes, in places, have drifted out for a mile or more 
beyond the old lake border, reaching elevations somewhat higher 
than the level of the lake. There are occasional points where 
gravelly deposits have been found in connection with this shore 
in Indiana and also in Michigan, but the sand, as a rule, conceals 
the shore products of the lake. One of the best instances noted of 
a gravelly beach formed at this stage is at Sawyer, Michigan, a 
few miles south of St. Joseph. The beach is well exposed by a 
wagon road leading west from the village, about 100 to 120 rods 
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west from the railway station, and at an elevation 55 to 60 feet above the 
lake. 

Near the mouth of the Kalamazoo River, in Michigan, there 
are extensive sand plains standing 90 to 100 feet above the lake, 
which seem to have been occupied by lake water. The sand de- 
posits extend back nearly to Allegan, on the Kalamazoo, and 
southward from the Kalamazoo to Paw Paw River, near Hartford, 
occupying a strip of lowlands back of a moraine that lies near the 
lake shore. They may have been formed at an earlier stage than the 
beach under discussion, in a narrow lake held between the ice and 
the higher land to the east. It seems probable that a small lake 
would have appeared during the formation of this moraine. In the 
present stage of investigation it is scarcely legitimate to assume 
that Lake Chicago reached so high a level there, a level about 40 
feet above that of the beaches at the south and west borders of the 
lake. 

There is very little range of altitude shown in the Illinois portion 
of this beach, the variations being scarcely more than may be 
attributed to the fluctuations in the lake or to storms. The following 
presents the railway elevations in succession, from north to south, at 
points where this beach is crossed: 

Table of Altitudes along the Upper or Glenwood Beach. 



STATION. 


RAILWAY. 


ELEVATION. 
FEET A. T. 


Winnetka, 


C. & N. W. 


/658 

\640 


Oak Glen, 


€., M. & St. P. 


631 


Norwood, 


C. & N. W. 


/640 
\626 


Galewood, 


€., M. & St. P. 


/647 
\623 


Maywood, 


C, St. P. & K. C. 


636 


La Grange, 


C. B. & Q. 


/645 
\627 


Border of 

Moraine, 

Homewood, 


C. R. I. & P. 
III. Cent. 


/658 
\630 
656 


Glenwood, 


C. & E. I. 


636 


Dyer, Ind. 


L. N. A. & C. 


636 



In the above table, where two elevations are given, the lower 
marks the base of the cut terrace and the upper the brow. It is probable 
that the lake level was but a few feet above the base. In the Illinois 
portion it may safely be assumed to be 635 to 640 feet above tide or 
about 53 to 58 feet above the level of the present lake. 
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A few gravel pits have been opened in tliis beach. Probably the 
most extensive is Haas' pit, near Forest Home Cemetery, one mile 
south of Oak Park. This is opened in the bar described above as 
leading southward on the east side of the Des Plaines River. The 
excavation extends from the east side of the bar west past the center 
and shows beds dipping at various angles, but all towards the east. 
Some of the beds increase in thickness as they descend, but the lower 
bed which is mainly sand decreases in thickness in passing from the 
higher to the lower part of the bar. It appears to be a sand bar upon 
which the coarser beach deposits are built. The following section was 
obtained at the south side of this gravel pit and shows the structure at 
that particular place only, for Mr. Haas states that the material of the 
same bed may vary greatly in coarseness within the space of a few 
feet. The dip of the beds, however, is uniformly toward the east, 
throughout the entire extent of the pit, which covers an area of 
several acres: 



1. Brown-stained gravel, capping summit and slope 18 to 30 inches 

2. Fine gravel, fresh or stained but little 24 to 48 " 

3. Sand, very thin at top, but increasing toward side of bar 0 to 36 " 

4. Fine gravel, increasing like No. 3 0 to 48 " 

5. Fine gravel, nearly 4 feet in thickness, which passes upward 

from near the east side of the excavation, assuming a nearly 
horizontal position beneath the crest 

of the ridge 40 to 48" 

6. Sand, thickening toward the higher part of ridge 6 to 36 " 



Mr. Haas reports that shells of the size of unios and also smaller 
moUuscan shells have been found in the bed of sand at the bottom of 
the pit. The larger shells were thought by him to be unios. A shell, 
however, which he sent to the writer proved to be the ordinary oyster. 
This unexpected development raises the question whether this 
particular shell was in situ at the time it was discovered, if it does not 
render doubtful the occurrence of any native shells in this bar. Upon 
visiting the region again and inquiring particularly into the 
circumstances, there seems little question that the shell was picked up 
near the base of the pit by some of the workmen, but it was found that 
there are a few Indian graves on the bar, which extend down nearly to 
the level of the base of the pit. The shell, therefore, may have been 
introduced at the time of burial of some brave warrior, or it may have 
been of more recent introduction. This is apparently the only place along 
the entire length of the upper beach where molluscan shells have been 
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found, and this negative evidence strengthens the view that the 
shells at this pit may be intrusions. Remains of terrestrial life have 
also been found here. Mr. Haas preserved fragments of the tooth of a 
mammoth found in the gravel pit at a depth of several feet. These 
fragments are waterworn, and it seems, therefore, quite probable 
that they were imbedded during the formation of the beach. 

Another gravel pit has been opened in the beach between Salt 

Creek and LaGrange, in which the excavation extends from the east 
side of the beach westward nearly to the outer slope. It has a depth of 
12 to 14 feet in the deepest part, and exposes a series of beds dipping 
slightly toward the east. The upper five feet is of brown stained 
gravel. The lower portion is a fine gravel, with very little stain. In the 
gravel there are sandy pockets and also thin beds of sand. These 
sandy portions, in some cases, show a slight effervescence with acid, 
but are not nearly so calcareous as the sand found at similar depths in 
glacial deposits. 

Interval of Emergence. — After the Glenwood beach was formed 
the lake appears to have withdrawn from the plain between the beach 
and the shore of Lake Michigan, in Illinois. How much farther north it 
withdrew is not accurately determined. Professor Chamberlin 
recognized evidence of emergence between the formation of this 
beach and the second beach, in Southeastern Wisconsin. That it 
withdrew so much in the northern end of the Lake Michigan basin as 
in the southern seems improbable from the evidence drawn from 
tilting, it being found by Mr. F. B. Taylor that that portion of the 
basin has been uplifted more than the southern. Whether this 
emergence is to be connected with the lake stage, known as the 
Algonquin, is not yet ascertained, though that seems a probable 
correlation. 

The evidence for this emergence within the Chicago area is 
found in beds of peaty material that occur beneath gravel of the 
succeeding lake stage, as long since noted by Dr. Andrews and 
discussed in his paper cited above. In Wisconsin the evidence is in 
clay beds, which seem to have been left in a retiring water body, and 
which are covered by beach deposits of the succeeding lake stage, as 
pointed out by Prof. Chamberlin in his official report of the 
Wisconsin Geological Survey. There is need for further study of this 
interval in the lake history before conclusions of much consequence 
can be drawn. 
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The Second or Calumet Beach. — This beach throughout much 
of its course in Indiana and for a short distance in Illinois follows 
the south border of the Calumet River, and because of this close 
association the name Calumet seems appropriate. It stands about 20 
feet lower than the Upper beach, and its course in the Illinois 
portion of the region traversed by it is indicated on the 
accompanying map (Plate 3). From the Wisconsin line southward to 
Chicago River it is closely associated with the Upper beach, 
wherever that beach remains. From the Chicago to the Des Plaines 
River it is separated from the Upper beach by an interval of Wi to 3 
miles. The outlet at this stage was at the Des Plaines River, 
between the villages of Riverside and Summit, and the beach 
gravels are well developed for a short distance below Summit on 
the east side of the outlet. The beach leads somewhat directly 
southeastward from Summit to the north end of Blue Island ridge 
and then southward along the east side of the ridge, past 
Washington Heights to the Calumet River, two or three miles east 
of Blue Island. The Sag outlet had its head at this time in a wide 
opening between the Calumet and Thornton. Immediately east of 
Thornton the beach reappears in its customary strength and passes 
thence eastward across Lake County, Indiana, following the south 
border of Calumet River at an average distance of perhaps a mile 
from this stream. In western Porter County, Indiana, near the line 
of Portage and Westchester Townships, it crosses to the north side 
of the river, and its course from that point eastward across Porter 
and northwestern LaPorte Counties is nearly parallel with the 
present shore of Lake Michigan and distant from it two to three 
miles. In Michigan it borders the lake even more closely, as far 
north as observations were carried (to latitude 42 degrees, 30 
minutes), being found usually within a mile or two of the lake 
shore. 

This beach extended a conspicuous bar out some distance into 
the lake above Chicago. Its northern end is found at the lake shore 
between Wilmette and Evanston, and leads thence southward 
through the west part of Evanston to Rose Hill Cemetery, and 
there turns abruptly westward and terminates at the village of 
Bowmanville, on the east bluff of Chicago River. It is probable 
that this bar was attached to the old shore at some point farther 
north than its present terminus, a portion of it having been re- 
moved by the encroachments of Lake Michigan. The bay back of 
this bar had a width of one to four miles and a depth of 15 to 20 
feet in its deepest parts. Portions of it were so shallow as to be 
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marshy. Notwithstanding the presence of this bar the beach 
back of it seems to have been acted upon by lake waves with 
nearly as much vigor as the portion of the beach farther south, 
which was not thus protected. The bar is much stronger than 
any part of the beach proper, being 10 to 20 feet in height and 
nearly one-fourth mile in average breadth — if the sand and 
gravel on its borders are included. 

The second beach is, on the whole, characterized by larger 
deposition than the upper one, there being throughout much of its 
extent a line of sandy gravel, 5 to 10 rods or more in width and 2 
to 5 feet in height, but it has less conspicuous cut terraces. Its 
strength is greater in the vicinity of the northern outlet and on the 
north side of the southern outlet than at points between or outside 
the outlets. In Illinois and Michigan, however, it is heavily cov- 
ered with sand, which is probably in large part wind drifted. These 
accumulations of sand in places reach the height of 30 to 40 feet. 

Occasional reports of the discovery of a molluscan shell in 
this beach have come to my notice, but none have been personally 
noted. In this respect it is similar to the Upper beach, but in 
striking contrast with the next lower beach, which is full of fossils. 

An excellent exposure of the structure of the bar noted above is 
found immediately north of Evanston, where the lake is under- 
mining the bar as well as subjacent deposits. The beach sands and 
gravels rest upon a bed of peat, which was noted by Dr. Andrews 
and interpreted by him to be the accumulation of a marsh or 
partially summerged land surface. The peat not only underlies the 
bar under discussion, but extends eastward across the interval 
between it and the Third beach. Its level is no higher than that of 
the Third beach, being but 12 to 15 feet above the present level of 
Lake Michigan. The peat is in places several feet thick, but at the 
point where the bar comes out to the lake shore it has a thickness 
of only 3 to 6 inches. It contains pieces of mangled wood and has 
been disturbed by waves. Between the peat and the yellowish blue 
till, which forms the base of the exposure, there is a gravelly sand 
6 to 18 inches in thickness, which appears to be a lacustrine deposit. 
The peat is immediately overlain by about 5 feet of sand, above 
which there is a bed of coarse gravel. The gravel is thin near the 
borders of the bar, but has a thickness of II to 12 feet beneath the 
highest part. It is capped by a thin deposit of sand and has layers 
of sand interstratified with it in its thickest part. The presence of 
this gravel makes it impossible to suppose that the old land surface 
has been buried by the drifting of material from the lower beach. 
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There seems no escape from the conclusion that the lake stood at 
a lower stage than the level of the second beach before that beach 
and the bar under discussion were formed. 

The Third or Tolleston Beach — This beach receives its name 
from the village of Tolleston, situated in Northwestern Indiana at 
the crossing of the Pittsburg, Ft. Wayne and Chicago Railway and 
the Michigan Central Railway, at a point immediately south of the 
extreme head of Lake Michigan, and distant only 2V2 miles from 
the head of the lake. It is more complex than either of the higher 
beaches, and it becomes a matter of no small difficulty to 
determine what beaches should be included with this lake stage. 
There are, by actual count, 32 beachlets crossed on a N.-S. line 
about three miles east of the State line of Illinois and Indiana. The 
outer line of this series is usually much stronger than the others 
and stands a few feet higher, and hence is considered the main 
line. The village of Tolleston and also Hessville and Miller 
Station, in Indiana, are situated on the outermost or main line. 

Many of the beachlets situated between the main line and the 
shore of Lake Michigan stand only 10 to 12 feet above that lake, 
and, as shown further on, seem to have been formed after the 
southeastward outlet was abandoned. This being the case they 
should not be referred to Lake Chicago. The Third or Tolleston 
beach, as here described, includes only such beaches and bars as 
have sufficient elevation above the sill of the Chicago outlet to 
indicate that they are connected with that outlet — beaches whose 
elevation is 18 to 25 feet above the level of Lake Michigan. 

The portion of the shore of this lake stage, in Lake County, 
Illinois, is closely associated with that of the higher lake stages, 
and consists of a gravelly deposit flanking the foot of the cut ter- 
race. In Cook County this beach appears on the grounds of the 
Northwestern University, in Evanston, and for several miles south 
it lies near the east border of the bar formed at the next preceding 
lake stage. From Rose Hill Cemetery southward it is beyond the 
limits of the bar, but is perhaps itself a bar built out southward 
into a bay now traversed by Chicago River. It appears to have 
reached some distance south at an early part of this lake stage, for 
no well-defined beach appears on the west side of the bay back of 
it. This bar lies within a mile of the present shore of Lake Michi- 
gan and is readily traced as far south as Lincoln Park. The bar is 
said to have been nearly continuous through the city of Chicago, 
but it is now obliterated from Lincoln Park southward nearly to 
the Douglas Monument, and I have been unable to obtain a map 
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or other accurate data showing its former extent. The bar is pre- 
served from the Douglas monument southward to Englewood, a 
distance of four or five miles. This portion consists of a series of 
overlapping ridges, of which the westernmost or earlier terminate 
further north than their successors on the east. At the termination 
of each of these ridges a hook turns out to the west into the bay 
that was inclosed by the bar. An outlet seems to have been main- 
tained toward the Des Plaines around the southern end of this bar, 
until it reached Englewood. This may not have been closed until 
the water level had dropped too low for a discharge to the Des 
Plaines. 

Passing across the outlet marsh from Englewood to South 
Lynne, a continuation of this beach is found. It leads in a course 
east of south to South Englewood and thence more easterly across 
the northwest corner of Calumet Township into Hyde Park, com- 
ing to the Illinois Central Railway a short distance north of Pull- 
man. From this point a gravelly ridge is traceable southward past 
the north border of Lake Calumet, where it dies out in the marsh. 
A slight beach is formed to the northeast from here on Stony 
Island, between Lake Calumet and South Chicago. But the main 
line of this beach is found west of Lake Calumet, running north 
and south through the west parts of Pullman and Kensington, 
where it usually has the form of a cut terrace, with banks 10 to 15 
feet in height, but changes to a gravelly and sandy beach at the 
south. This beach comes to the Calumet River at Riverdale, where 
it connects with the Sag outlet. It reappears on the south side of 
the river at Dolton and passes thence southeastward into Indiana. 
Its course in Lake County, Indiana, is eastward through Hessville 
and Tolleston and Miller. In Porter County it continues with a 
slight deflection to the north, keeping parallel to the shore of 
Lake Michigan, and enters LaPorte County near the south edge of 
Michigan City. A short distance northeast from Michigan City it 
becomes merged with the dunes of the present shore, and no 
attempt was made to separate it beyond that city. 

The Illinois portion of this beach consists mainly of fine 
gravel, which is usually well worn, but in places has considerable 
angular material, as if formed rapidly and subjected for but a brief 
period to the action of the lake waves. The low district along the 
Chicago River back of this beach has received quite generally a 
coating of sand several feet in depth, and the marshy tracts in 
Hyde Park and Lake Townships are also covered with sand to a 
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depth of several feet. Excavations have shown, however, that till usually 
sets in at a depth of 10 to 20 feet or less (1). 

In Indiana this beach, like the present shore of Lake Michi- 
gan, is very sandy. Its dunes, however, seldom reach a greater 
height than 50 feet, or but one-third to one-quarter the height of 
dunes on the present shore. Wells along it have occasionally en- 
countered a bed of gravel at the base of the sand at levels, 
corresponding with the gravelly beaches of the Illinois portion. 

One of the best exposures of this beach in the Chicago area 
is found at the border of the campus of the Northwestern Uni- 
versity at Evanston. The following sections, one taken by Dr. 
Oliver Marcy, of Northwestern University, in 1864, at which 
time there was a peculiarly good exposure, the other taken by the 
writer in 1887, at which time there was a less extensive 
exposure, show a slightly different section. The beach in this 
interval had suffered an erosion of perhaps 75 or 100 feet. 

Section of Beach at Evanston made in 1864. 



1. Surface soil, sandy Wi feet 

2. Brown sand and fine gravel 2'/2 " 

3. Coarser gravel, stratified 2V2 " 

4. Fine sand 2 " 

5. Gravel, containing bones of deer 1 1-3 " 

6. Fine sand, containing oak logs W2 " 

7. Peat or carbonaceous earth with a marl bed containing 

molluscan shells in the lower portion or interstratified 

with the peat W2 " 

8. Gravel 3% 

9. Humus soil, with stumps and logs (coniferous) V2 " 

10. Yellow clay, laminated and contorted, containing pockets of 

gravel 3'/2 " 

11. Blue, pebbly clay 2 " 

Height of bluff. 22 feet 

Section of Beach at Evanston in 1887. 

Feet. Inches. 

1. Yellowish-red, iron-stained sand 3 to 5 

2. Band of bog iron ore, granular 4 to 5 

3. Gravel, with beds of sand included (the stratifica- 

tion is very irregular in thickness and assorting 



very imperfect) 5 to 7 



(1) The writer is indebted to Mr. W. C. Holden of the U. S. Geological Survey 
for many data concerning the distribution of the sand and for access to ^he accurate 
maps of the Pleistocene deposits in Chicago, which he has prepared for the Survey. 
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4. Coarse sand, not calcareous 6 to 12 

5. Calcareous loam 3 

6. Yellow clay, very calcareous, with leaves im- 

bedded 3 

7. Carbonaceous band, not calcareous 2 

8. Yellow calcareous clay, similar to No. 6 4 to 6 

9. Band of carbonaceous material, not calcareous.... 2 

10. Brown sand, with twigs and peaty material 8 to 10 

11. Water bearing sand and talus-covered slope 8 



Height of bluff 20 to 22 feet. 



The calcareous clays, Nos 6 and 8, of the last section, and 
Nos. 6 and 7 of Dr. Marcy's section, contain numerous gasteropod 
shells. Dr. Marcy has collected a large number of shells from this 
horizon, among which there are Unios, apparently of several dif- 
ferent species, but not specifically identified. Mr. C. T. Simpson 
has identified nine different genera of mollusks, all of existing 
species, found in No. 7 of Dr. Marcy's section. Planorbis and 
Lymnea are very abundant. Prof. D. P. Penhallow has identified 
two wood specimens, one a new species of Picea (Picea Evanstoni), 
the other a new oak (Quercus Marcyana) (1). The bone of the deer, 
found by Dr. Marcy, is a portion of the femur. The writer has 
found many localities in the sandy portions of this beach, where 
molluscan shells abound. Nearly every exposure in the sandy dis- 
trict west of the beach, from the main part of the city of Chicago 
southward to Englewood exhibits them. This beach is, therefore, 
in striking contrast with the two higher beaches, which contain 
few remains of aquatic life. 

An excellent artificial section across this beach, made by the 
Fullerton avenue conduit, which leads from the Chicago River 
eastward to Lake Michigan, across the north part of Chicago, is 
discussed above. The deposit throughout is mainly sand, but some 
gravel is encountered. Shells of Unios and other mollusks were 
noted at frequent intervals throughout nearly the whole width of 
the deposit. Beneath these beach deposits there is everywhere a 
pebbly blue-gray clay, apparently an unmodified glacial till. Some 
of the sewer ditches in Hyde Park, west of Grand boulevard, have 
reached peat deposits below sand, at a level a few feet above the 
lake. Wood has often been found in the sand west of this beach in 
Chicago. 

Reference has been made to the beachlets which occupy the 
interval between the main beach and the present shore of the lake. 



(1) Trans Royal Society of Canada, 1891, pp. 39-32, plate II. 
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These do not form continuous lines around the head of the lake, 
but those in the vicinity of the Chicago University and Jackson 
Park die out in the marsh, which sets in a short distance south of 
the park, and those in Lake County, Indiana, die out at their 
western ends in a sandy plain, which borders Wolf Lake, Lake 
Calumet, and other small lakes near the State line. This sandy 
plain stands but 5 to 8 feet above the lake and was apparently an 
open bay at the time these bar-like features were forming. But it 
has now become filled with sand, leaving Lake Calumet and the 
other small lakes as its dwarfed representatives. The beachlets 
stand only 10 to 12 feet above lake level (except where coated by 
wind-drifted sand) and are, as noted above, to be referred to the 
action of the present lake rather than to Lake Chicago. 

The outlets of the lake at the time the Third beach was 
forming appear to have been along three lines; one, that 
occupied by the mouth of the Chicago River and the south 
branch of the Chicago River (reversed); a second along the 
marsh referred to above as leading from the south part of Hyde 
Park Township northwestward between Englewood and South 
Lynne, which connects with the south fork of the Chicago River 
north of the Union Stock Yards; a third leading westward from 
Riverdale along the Sag outlet. The broadest of these outlets is 
that leading past Englewood and the Union Stock Yards, and it is 
possible that the other outlets became nearly closed by sand 
before this outlet was abandoned. 

The altitude of this beach is nowhere more than 20 to 22 feet 
above the lake (except where wind has drifted sand to higher 
levels). The outlets could not well have been cut below a level 8 
feet above the lake, that being the altitude of the Chicago outlet 
for several miles below its junction with the present Des Plaines 
River. The depth of the water in the outlets would, therefore, be 
10 to 12 feet or less. As beaches are often built up to a height of 
4 or 5 feet above the ordinary level of the lake, it seems probable 
that the ordinary stage of water was not more than 15 feet above 
the present stage of Lake Michigan, thus leaving but 7 feet depth 
of water in the outlet. The Sag outlet reaches nearly 15 feet above 
the level of Lake Michigan, hence it was probably at all times a 
minor line of discharge. 

As hinted above, the reference of this beach to the same lake 
which formed the higher beaches is not made with any degree of 
confidence. Indeed, the abundant life of the waters which formed 
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this beach distinguishes it so strikingly from the paucity of life 
which characterizes the other beaches that a suspicion of a dif- 
ferent origin at once arises. 

Dr. J. W. Spencer has advanced the view that an uplift at the 
Niagara outlet is still in progress, and has suggested that the 
recession of the falls of Niagara past Johnson's Ridge, a ridge 
standing higher than the remainder of the gorge and situated about 
a mile north of the Falls, would have caused a temporary partial 
discharge of the upper lakes, including Lake Erie, into the 
Mississippi, a discharge which did not stop the outflow by 
Niagara. He maintains that when Niagara Falls had effected the 
incision through the Johnson Ridge, the level of Lake Erie fell 
about 24 feet, reaching a level 17 feet below the Chicago divide, 
and thus the full flow of the outlet was returned to Niagara. (1.) 

The test of the value of Dr. Spencer's ingenious suggestion 
lies in the occurrence of phenomena immediately south of the 
ridge, which will demonstrate that the water stood at a level suf- 
ficiently high to have caused outflow through the Chicago outlet. 
Such a stage of water should have left shore markings there as 
well as on the plain at the head of Lake Michigan. The view that 
an uplift is still in progress in the vicinity of the Niagara outlet 
also seems to be sustained by very weak evidence. 

Prof. L. E. Cooley has called my attention to rapids at the 
head of St. Clair River, which he thinks may have a bearing upon 
the lowering of the lake level a few feet in recent geological times. 
For several miles the St. Clair River has a fall of about 16 inches 
per mile, making nearly all the descent of nine feet which is made 
between Lake Huron and Lake Erie. This rapid portion is stated by 
Professor Cooley to be cutting glacial drift, and it is his opinion 
that this drift barrier may have at one time held the lake level even 
as high as the second beach. The matter is one worthy of investi- 
gation, and Professor Cooley has hoped to give it fuller attention. 
The question of the date of this beach and of its relation to uplifts 
and barriers must therefore be left open until more substantial 
evidence is gathered. 

THE PRESENT BEACH OF LAKE MICHIGAN. 

Dr. Edmund Andrews has discussed the present beach of 
Lake Michigan in his paper published in an early volume of the 
Transactions of this Academy, and compared its strength with that 
the beaches of Lake Chicago (2). Since this paper is now out of 



(1) Proc. A, A. A. S., Brooklyn Meeting, 1894, pp. 242-243. 

(2) Trans. Chicago Academy of Sciences, Vol. II, 1870. pp. 1-23. 
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print and copies of it are difficult to obtain, the computations made 

by Dr. Andrews are presented below. Dr. Andrews apparently 
includes the beachlets referred to above in the present lake stage. 

The lake is encroaching upon the district on its west border 
from the Wisconsin line southward to Chicago, though piers 
built along the shore in Chicago and for some distance north- 
ward now prevent further encroachment. Along the border of 
Hyde Park, in the south part of Chicago, the lake is building a 
beach and is tending to fill in rather than to extend the lake in 
that region. In Indiana the lake is filling in rather than 
extending its borders. In Southwestern Michigan it is eroding 
the prominent parts and filling in the bights, thus giving the 
lake a more regular outline. In this connection it may be 
remarked that the effect of the lake generally is to remove the 
prominent parts and fill the bights. 

Dr. Andrews computed the bulk of the beach as follows: For 
25 miles west from Michigan City it maintains an average cross 
section of about 6,000 square yards, and its contents are 264,- 
000,000 cubic yards. In this division the beach is in the form of a 
lofty belt of sand dunes, about one-third of a mile wide, and in 
places 160 to 200 feet in height. In the next eight miles west this 
beach spreads out into a broad belt of low parallel ridges, about 
two miles in extreme width. This division has a cross section of 
about 16,000 square yards, after deducting the sand which was 
deposited by Lake Chicago. Its contents amount to 225,280,000 
cubic yards. From the Indiana line, near Wolf Lake, to Chicago 
River, a distance of sixteen miles, the sand occupies a belt esti- 
mated to be seven yards thick on the shore and running out to a 
thin edge at the average distance of 2,500 yards inland. It, there- 
fore, has a cross section of 8,750 square yards and contains 246,- 
400,000 cubic yards. To this should be added the portion of the 
beach under water. This, taken for the entire distance from Chi- 
cago to Michigan City, is estimated to be about 1,011,890,000 
cubic yards. The computation of the subaqueous belt is as follows: 
The sand at the shore line is about 10 feet deep, and it extends out 
to where the water reaches a depth of 24 to 36 feet. The breadth 
varies greatly, ranging from about 1,000 yards to nearly five 
miles, the widest part being at the head of the lake. The total bulk 
of the lake deposits, both in and out of water, in the section 
between Michigan City and the mouth of Chicago River, is 
estimated to be 1,747,570,000 cubic yards. 
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Dr. Andrews estimates that the combined bulk of the beaches 
formed by Lake Chicago is nearly equal to that of the beach of the 
present lake, the proportion being 16 to 17. In this computation it 
was assumed that 656,000,000 cubic yards escaped through the 
Chicago outlet. This assumption is based on a comparison of the 
relative sizes of the beaches of Lake Chicago in a section outside 
the outlet and a section embracing the outlet. 

Dr. Andrews attempted to estimate the length of time in- 
volved in the accumulation of the beach deposits by measuring 
the amount of sand carried southward past the piers at Chicago 
and Michigan City. The sand annually stopped by the two piers 
was found to be 129,000 cubic yards. If this represented the 
whole drift past the piers the period represented in the 
accumulation of the sand in all the beaches would be 26,000 
years, and the duration of Lake Michigan at its present stage 13, 
000 years. He estimates, however, that not more than one-fourth 
or one-fifth of the southward drifting sand is stopped by the 
piers, and thus reduces the period to less than 6,000 years, with 
but about 3,000 years for Lake Michigan. 

Dr. Andrews' estimates were based on the assumption that 
there is a southward flowing current on each side of the lake, car- 
rying sand to its present head. Investigations made by the Weather 
Bureau in 1892 and 1893, under the direction of Prof. Mark 
Harrington (1) led him to the conclusion that the currents on the 
east shore in the southern portion of the basin are northward 
instead of southward. He accounts for the accumulation of sand on 
the north side of breakwaters along this coast by the action of the 
surf, in northerly storms, which is more transient than the currents 
proper and would affect the southern part of Lake Michigan only 
when the wind was northerly. This occasional phenomenon is very 
efficient when it occurs. He concludes that the estimates of time 
involved in the formation of beaches have, therefore, less value 
than would be the case were the accumulations due more largely to 
lake currents. 

Considerable study of the movement of water in Lake Michi- 
gan has been made by the Chicago Drainage Commission, largely 
under the direction of Professor Cooley. As a result of these in- 
vestigations, which involve not only a study of bottle papers, but 

also a thorough canvass of the opinions of lake captains and an 
examination of breakwaters, Mr. Cooley has reached the conclu- 

(1) Currents of the Great Lakes as deduced from the movements of Bottle 
Papers during the seasons of 1892 and 1893, by Mark W. Harrington, Weather 
Bureau, Bulletin B, U S. Department of Agriculture, 1894. 
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sion that the effective work on the shores is due to waves and not to 
currents, and it is a matter of doubt if this lake has such a system of 
currents as are indicated by Professor Harrington's charts. The 
movement of the water seems to depend mainly upon the wind, but is 
governed to some degree by the contours of the shores. If the north 
winds prevail for a few days, as is often the case in the spring months, 
the surface water appears to have a southward movement throughout 
the breadth of the lake, and return currents must be at some depth. On 
the other hand, a prevailing south wind, such as occurs for short 
periods during the summer, will induce a northward movement across 
the entire breadth of the lake. The contours of the shore seem to favor 
a northward movement from direct west winds in the north half and a 
southward movement in the south half of the lake. As the prevailing 
winds are from the west these become the most protracted of the 
movements of surface water. Professor Cooley has found that 
breakwaters along the shore support this interpretation. In the southern 
half of the lake they are largely constructed to protect the harbors 
from the drift on the north side, while in the northern half they are 
constructed to protect them from drift coming from the south. In view 
of this apparently changeable course of lake movement, it seems 
doubtful if estimates, such as Dr. Andrews attempted, have the value 
that some have attached to them. 

Dr. Andrews also made an estimate of the age of the lake from the 
annual amount of destruction of the bluffs. To determine the rate of 
erosion on the west coast of Lake Michigan he gathered a large 
number of observations, mostly derived from surveys, and after 
rejecting loose or vague estimates, as well as erosions brought to 
notice because of remarkable rapidity, he obtained the results given in 



the following table: 

At Evanston the erosion is 16.95 feet a year 

At the Old Pier, two miles further north 4.90 " 

One mile further north 3.08 " " 

At Winnetka 4.05 " 

One mile further north 6.05 " " 

Lake Forest 1.65 " 

Waukegan 0.00 " 

Two miles further north 0.00 " " 

State line 16.50 " 

Kenosha 12.00 " 

Two miles further north 3.00 " 

Three miles furthernorth 12.00 " 
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Racine Point 16.00 

Racine 6.00 

Oak Creek 2.00 

One mile furtlier north 1.60 

Milwaukee 6.25 

Port Washington 2.30 

One mile further north 1.50 

Place further north 3.00 

Place four miles south of Sheboygan 8.00 

Sheboygan 6.25 

Manitowoc 5.00 



From the above table it appears that the average erosion in the portion 
of the shore between Milwaukee and Manitowoc is 4.33 feet per year, 
while between Milwaukee and Evanston it is 6.24 feet per year. The 
average erosion of the two sections is 5.28 feet. 

A series of more careful measurements than those given in the above 
table appears in the Geology of Wisconsin and covers part of this section of 
the shore. The following is the statement furnished by Dr. Lapham to Prof. 
Chamberlin (1): 

"Mr. S. G. Knight, of Racine, has carefully measured for the 
Geological Survey, from the nearest section corner or quarter post, to 
the bank of Lake Michigan, along all the section lines in Racine 
County, the results of which, compared with the Government Survey 
made in 1836, are given in the following table. Had these 
measurements been made at right angles to the shore line the result 
would have been a trifle less; but as some portions of the bank have 
been artificially protected we may assume the result as a close 
approximation to the actual amount of loss, during the past thirty- 
eight years in Racine County. These measurements will have their 
value many years hence." 



LAKE SHORE IN RACINE COUNTY. 






Section Lines. 


1836. 


1874. 


Loss. 




Chains. 


Chains. 


Chains 


North line. Sec. 6, T. 4, R. 23 


32.70 


30.30 


2.40 


North line. Sec. 7, T. 4, R. 23 


34.68 


33.45 


1.23 


West line, Sec. 8, T. 4, R. 23 


30.18 


29.70 


0.48 


North line. Sec. 17, T. 4, R. 23 


16.38 


14.60 


1.78 


West line, Sec. 16, T. 4, R. 23 


10.86 


9.75 


1.11 



(1) Geology of Wisconsin, Vol. II, 1877, pp. 231-232. 
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North line, Sec. 21, T. 4, R. 23 


15.58 


14.50 


1.08 


West line, Sec. 22, T. 4, R. 23 


19.39 


18.43 


0.96 


North line. Sec. 27, T. 4, R. 23 


26.39 


26.39 


0.00 


North line. Sec. 34, T. 4, R. 23 


16.04 


15.47 


0.57 


West line. Sec. 34, T. 4, R. 23 


31.50 


30.00 


1.50 


North line. Sec. 4, T. 3, R. 23 


28.03 


26.50 


1.53 


North line. Sec. 9, T. 3, R. 23 


18.82 


18.00 


0.82 


North line. Sec. 16, T. 3, R. 23 


27.80 


20.60 


6.20 


North line. Sec. 21, T, 3, R. 23 


21.25 


18.00 


3.25 


North line. Sec. 28, T. 3, R. 23 


32.22 


31.16 


1.66 


West line. Sec. 28, T. 3, R. 23 


30.20 


23.87 


6.33 


North line. Sec. 32, T. 3, R. 23 


34.85 


32.40 


2.45 


South line. Sec. 32, T. 3, R. 23 


46.60 


44.73 


1.87 



Mean of eighteen places, chains 1.92 

Same in feet, 126.72. 

Loss per annum in feet, 3.33. 

"The following measurements were made to ascertain the 
amount of the abrasion of the west shore of Lake Michigan, in 
Milwaukee County, since the Government Survey, made in 1835 
and 1836: 









Annual 


Place. 


1835. 


1874. 


Loss. 




Chains. 


Chains. 


Feet. 


South line. Sec. 1, T. 5, R. 22 


45.61 


44.50 


1.9 


South line. Sec. 36, T. 6, R. 22 


15.90 


14.40 


2.6 


South line. Sec. 24, T. 6, R. 22 


19.29 


18.70 


1.0 


South Ime, Sec. 21, T. 7, R. 22 


8.72 


8.42 


0.5 


South line. Sec. 15, T. 7, R. 22 


5.37 


2.82 


4.3 


South line. Sec. 10, T. 7, R. 22 


43.35 


41.64 


2.9 


South line. Sec. 3, T. 7, R. 22 


19.34 


17.36 


3.33 


South line. Sec. 34, T, 8, R. 22 


22.00 


18.69 


5.61 


Mean 






.... 2.77 



"The loss in the other counties bordering the lake is less on the 
average." 

In view of these measurements reported by the Wisconsin 
Survey, the rate for the entire shore is probably scarcely more 
than half that of Dr. Andrews' estimates. 

Dr. Andrews calls attention to the existence of a submerged 
terrace, which, he thinks, furnishes a ready means for determining 
approximately the original position of the shore, and conse- 
quently the distance which the bluffs have receded since the water 
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occupied its present level. Where the shores are of drift clay the 
terrace generally has a breadth of from 2 to 6 miles, but at the south 
end of Lake Michigan it is nearly ten miles. The west shore of Lake 
Michigan was examined in some detail between Chicago and 
Manitowoc and found to have an average width of 3.98 miles. This 
terrace slopes gently outward to the depth of about 60 feet, when 
the bottom dips more suddenly to the deep water of the basin. It is 
thought by Dr. Andrews to be the product of wave action and is 
denominated by him the terrace of erosion. The present writer, 
however, has no opinion concerning its origin. The time required 
for the formation of this terrace was computed by using the average 
width of the terrace as a dividend and the annual rate of erosion as 
a divisor. As the outer edge of the terrace is at the depth of 60 feet, 
the position of the old shore was assumed to be at a point where a 
line drawn from the top of the present bluff of the lake to the outer 
edge of the terrace would meet the surface of the lake. These 
estimates give the average position of the old shore, a distance of 2. 
72 miles from the present shore. Dividing this distance by the 
annual rate makes the total age of the terrace 2,720 years, or a 
duration nearly the same as that computed by the drifting of the 
sand. If the rate of erosion determined by the Wisconsin Survey be 
substituted the age would be 4,708 years. 

The estimate based upon the rate of erosion of the shore of the 
lake is probably much more reliable than that based upon the 
drifting of the sand past the piers, but the great variability in the 
height of the shore (from 10 feet up to 100 feet or more) and the 
variability in the rate of recession (from 0 to 16.95 feet per year) 
make it evident that the above computation is at best only a rude 
approximation. These estimates serve, however, as a provisional 
measurement of the duration of this stage of the lake and have 
much value in its bearing upon the length of postglacial time. Dr. 
Andrews remarks that they are useful, in showing that it is impos- 
sible to allow, even on the most liberal estimates, any such post- 
glacial antiquity as 100,000 years, which has often been claimed. 
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